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'... a Map-maker should not take every Map that comes out, upon 
Trust, or conclude that the newest is still the best, but ought to be 
at Pains to examine them by the Observations of the best Travellers, 
that so he may know their Goodness or Defects . . .' 
 
(John Green, The Construction of Maps and Globes (1717)) 
 
1.1 REFERENCE CONTEXT 
In 1759, the Habsburg Empress Maria Theresa (1717-1780) expressed her 
desire to possess a general map of all the Habsburg provinces. One of these 
were the Austrian Netherlands, a territory that coincided more or less with what 
is today Belgium. Although the Austrian Netherlands had a strong tradition in 
training military engineers and creating good quality maps, no uniform and 
large-scale topographic map of the entire province existed at the time. From 
1759 onward, three mapping project proposals that would meet this need were 
put forward and rejected, until in August 1770 Maria-Theresa decided to 
entrust the task to the artillery corps of the Austrian Netherlands and its 
director-general, count de Ferraris (1726-1814). Surveys started immediately 
and were largely finalized by the end of 1774. Three years later, in December 
1777, the finished Carte de cabinet des Pays-Bas autrichiens levée à l’initiative 
du comte de Ferraris (hereafter Carte de cabinet) was presented to the 




(1:11,520) map were created simultaneously, each consisting of 275 
multicoloured sheets (Figure 1-1). One of the copies is currently kept in the 
Royal Library of Belgium in Brussels (KBR)1, while the other two can be found in 
the Dutch National Archives in The Hague (NA)2 and the Austrian State Archives 
in Vienna (OESTA)3. In addition, a smaller-scale (1:86,400) engraved map in 25 
sheets was derived from the Carte de cabinet. The official title of this second 
map is the Carte chorographique des Pays-Bas autrichiens, dédiée à leurs 
Majestés Impériales et Royales par le comte de Ferraris, but the map is more 
commonly referred to as the Carte marchande because it was intended for sale 
to the general public to cover part of the production costs (Figure 1-2) (Gachard 
1843; De cartografie in de 18de eeuw, 1978). 
This dissertation examines the Ferraris maps, and will focus specifically on their 
production process and how this impacted the maps’ geometric accuracy. In 
this introductory chapter, some more information on the general historical 
background of the maps will be given (see also the timeline in Appendix 1), as 
well as a description of their main characteristics. Next, Section 1.2 will outline 
some prior research into the maps, before explaining the main objective of this 
dissertation. This will then be translated into five research questions. Finally, the 





                                                                
1 Brussels, KBR, Kaarten en Plans, hs.IV 5.627. 
2 The Hague, NA, Topografische Dienst/ Kaarten, 4.TOPO, inv.nr. 2.1. 







Figure 1-1. Map sheet 35 of the Carte de cabinet des Pays-Bas autrichiens levee à l’initiative 
du comte de Ferraris (from the exemplar originally belonging to governor Charles de 
Lorraine). 
The complete map sheet is shown above. The bottom image shows a fragment of the lower 
right corner of the map, zoomed in on Ghent. 1:11,520, ca. 90x140 cm. Brussels, KBR, 







Figure 1-2. Map sheet 7 of the Carte chorographique des Pays-Bas autrichiens dédiée à Leurs 
Majestés impériales et royales par le comte de Ferraris lieutenant-général de leurs armées, 
generally known as the Carte marchande. 
The complete map sheet is shown above. The bottom image shows a fragment of the 
upper right corner of the map, zoomed in on Ghent. 1:86,400, 56x88.5 cm. Brussels, KBR, 




1.1.1 HISTORICAL BACKGROUND 
Following the death of the childless Charles II - the last of the Spanish 
Habsburgs - in 1700, Spain and the Spanish territories had passed to the 
Bourbon grandson of Louis XIV, Philippe d’Anjou (Philip V). However, none of 
the other major powers in Europe - the Habsburgs, the Dutch Republic, and the 
English - would accept French succession and the War of the Spanish 
Succession (1700-1713) ensued. When the Spanish possessions were divided in 
the Treaties of Utrecht in 1713, Louis XIV’s grandson remained king of Spain 
but the Spanish Netherlands fell to the Holy Roman emperor Charles VI. They 
became known as the Austrian Netherlands until their annexation to France in 
1795. The Treaty of the Barriers (1715) further provided that the Austrian 
administration of the southern Low Countries would remain essentially 
unchanged from the Spanish rule; the official organ of the region was simply 
transferred from Madrid to Vienna. As the natural prince of the Austrian 
Netherlands, Charles VI was subject to the same agreements as his 
predecessors. The autonomy of the cities and states and the predominance of 
the Roman Catholic Church were to remain intact. In addition, Austria had to 
agree to and pay for the quartering of Dutch troops in several fortresses within 
the Austrian Netherlands, to act as forward bases buffering the Dutch Republic 
against a French invasion. The Dutch and English had thus made sure that 
Charles could not just pursue his own policies in the Austrian Netherlands 
(Janssens 2014, pp.235-237; Vermeir 2008, pp.61-62, 92). 
By means of the Pragmatic Sanction (1713), Charles intended to enable his 
eldest daughter Maria Theresa to succeed him after the extinction of the direct 
male line of the House of Habsburg. However, despite his efforts on his 
daughter’s behalf, Maria Theresa’s inheritance of the Habsburg lands was 
challenged by France, Prussia, Spain, Bavaria and Saxony as soon as she 
ascended the throne in 1740. Maria Theresa derived her main foreign support 
from Great Britain and the Dutch Republic. During the subsequent War of the 
Austrian Succession (1740-1748), Frederick II of Prussia invaded Silesia, one of 
the richest Habsburg provinces (now in southwestern Poland). The French took 
advantage of the Prussian challenge to Maria Theresa and invaded Flanders in 
1744. Soon all of the Austrian Netherlands except the duchies of Limburg and 
Luxembourg fell to the French in spite of the presence of the Dutch Barrier 
troops. When in 1748 Maria Theresa’s rule was finally recognized with the 




were restored to Austria. Silesia however would remain a Prussian territory 
(Janssens 2014, p. 237; Vermeir 2008, pp.77-78). 
Spurred on by her new state chancellor and most important advisor, Wenzel 
Anton von Kaunitz (1711-1794), Maria Theresa became determined to recover 
Silesia. Von Kaunitz laid the diplomatic preparations for the reconquest by 
attempting to isolate Prussia, which resulted in 1756 in a famous Renversement 
des alliances.  Austria abandoned Great Britain as an ally in favour of France, 
the ancient Habsburg foe, while Prussia abandoned France as an ally in favour 
of Great Britain. Moreover, Maria Theresa entered into a treaty with Russia, a 
newcomer to European rivalries. The ensuing conflict was the Seven Years’ War 
(1756-1763). It had most impact not on the European Continent but in Europe’s 
colonial empires, where British forces decisively defeated the French, paving 
the way for British control of Canada and the eventual domination of India. On 
the Continent, Prussia managed to fend off all its enemies and when the Treaty 
of Sint-Hubertusburg was signed in 1763, it retained Silesia (Vermeir 2008, 
pp.78-94). 
From the beginning of Empress Maria Theresa’s reign in 1740, the Habsburg 
rulers and their immediate advisors developed a great appreciation of maps as 
instruments of empire. This only intensified after the Seven Years’ War, when 
the extreme importance of maps for defence purposes had become painfully 
apparent through the defeats suffered at the hands of the Prussian army. At the 
instigation of the president of the Aulic War Council, field marshal count 
Leopold Joseph Daun, Maria Theresa ordered the preparation of a detailed 
survey of all the Habsburg lands. The idea for such a cartographic project had 
been suggested to Daun by lieutenant field marshal count Franz Moritz Lacy4, 
who had served for most of the Seven Years’ War as the first Quartermaster 
General of the Habsburg Monarchy and had thus been in charge of preparing 
the military operation plans. Lacy had been shocked by the tactical and 
logistical blunders their officers had committed while on Habsburg territory, and 
was convinced that Austria’s defeat in the war was almost entirely due to its lack 
of adequate military maps (Dörflinger 2004, pp.77; Vann 1992, pp.162-167; 
Veres 2015, p.133). 
After a successful trial mapping in 1763 of a part of Silesia that had remained 
under Habsburg control, Maria Theresa approved the first topographic survey 
of the empire. Between 1764 and 1787, Vienna invested immense financial and 
                                                                




military resources in what would later be termed the Josephinische 
Landesaufnahme 5 (Josephine Survey) after Maria Theresa’s eldest son Joseph 
II, who had joined her as coruler after the death of her husband in 1765. At the 
time of its creation the finished map was known as the Great Military Map. It 
consisted of 21 different surveys of provinces and smaller regions together 
covering more than 570,000 km² (Figure 1-3) (Dörflinger 2004, pp.78; Von 
Nisher-Falkenhof 1937). The decision of the Habsburg rulers to initiate the 
survey can be seen as an innovative response to a conventional military 
problem of defense. At the same time however, the Habsburg authorities 
clearly saw these maps as essential tools of government, which could be used 
to inventory and quantify the economic potential of the state and to improve 
state finances by raising revenue from its domains and subjects. To this end the 
Habsburg rulers insisted that the maps and their accompanying descriptions 
should contain as much information as possible that might help in developing a 
coherent economic strategy for the state, as well as prove useful for military 
purposes (Vann 1992, pp.162-167; Veres 2015, pp.134-143). 
 
 
Figure 1-3. The georeferenced map sheets of the Josephinische Landesaufnahme on the 
website of the Mapire project. 
See: http://mapire.eu/en/map/firstsurvey/ 
                                                                
5 In 1765 Maria Theresa put Joseph II in charge of imperial military matters and since then 
he exerted a controlling influence on the progress of the mapping project. Furthermore, the 




With the exception of the surveying work in the Austrian Netherlands, which 
was carried out by the local artillery corps on a scale of 1:11,520, all the other 
surveys for the Great Military Map were conducted on a scale of 1:28,800 under 
the direction of the officers of the general quartermaster’s staff.6 However, 
because this branch of the military suffered from a continuous shortage of 
personnel, it was almost impossible for them to be involved in the surveying of 
multiple provinces simultaneously. In order to accelerate the mapping of the 
empire somewhat, Maria Theresa and Joseph II were open to mapmaking 
proposals coming from the provinces, as long as the Aulic War Council 
maintained its monopoly on sensitive cartographic information. In the case of 
the Austrian Netherlands, we know of three such project proposals being 
submitted to the Habsburg government, besides the one of count de Ferraris 
which was ultimately accepted (Veres 2015, pp.56-57). They will be discussed 
further on. 
Before the execution of Ferraris’s cartographic project no large-scale 
topographic map existed that covered the entire Austrian Netherlands. The 
most recent and extensive large-scale surveys available at the time had been 
carried out by French military engineers, but their field of activity had largely 
been confined to the region north of the rivers Sambre and Meuse. The 
Ardennes to the south are a region of extensive forests, rolling hills and rough 
terrain, making it much harder for an army to travel through, let alone map. 
During the Nine Years’ War at the end of the 17th century (1688-1697), the 
French had invaded the Spanish Netherlands and two of their military 
engineers, Pennier7 and Naudin8, had created new maps of the northern part of 
                                                                
6 The engineering corps of the Habsburg Empire was not large enough to implement all the 
imperial cartographic projects. In 1753 this army unit comprised only 113 men. Even though 
by 1771 this number had risen to 150 men during peacetime and 170 during wartime, even 
the engineers’ main responsibility of maintaining the fortifications system often 
overwhelmed them. Consequently, the Habsburg authorities had to rely on other units as 
well for the production of maps, the most important one being the general quartermaster’s 
staff. During the Seven Years’ War (1756-1763), this wartime military body planned the 
logistics of campaigns and thus relied heavily on maps and plans. Due to its immense utility 
for the defense of the Monarchy the general quartermaster’s staff had become the military 
mapping institution of the Monarchy by the end of the Seven Years’ War. Its ability to 
organize the logistics of the army during wartime was subsequently applied to planning the 
allocation of financial and human resources to map the vast lands of the Habsburg Empire 
(Veres 2015, pp.44-58). 
7 Pennier – Camps et ordres de marches et de batailles de l’armée du Roy en Flandre, 




the country. These maps were reserved for use by the French army 
commanders, but their contents became public property during the War of the 
Spanish Succession (1700-1713) when Brussels publisher Eugène-Henri Fricx9 
used them as source material for his printed Carte des Pays-Bas et des 
frontières de France on a scale of 1:112,000. The map became hugely popular 
and was imitated by Parisian publisher Nicolas de Fer 10  shortly after its 
appearance. During the War of the Austrian Succession Fricx’s map was also 
reissued by several other publishers (Le Rouge, Crépy, Covens & Mortier). It 
would remain the cartographic reference work for the region until the 
publication of Ferraris’s Carte marchande in 1778 (Lemoine-Isabeau 1984, 
pp.48-51). 
The French continued their mapmaking efforts in the Austrian Netherlands 
throughout the first half of the 18th century. After the War of the Spanish 
Succession, several members of the Naudin11 and Masse12 families of military 
engineers created maps of the border region between France and the 
Netherlands. Next, when the French invaded the country during the War of the 
Austrian Succession (1740-1748) they mapped the region north of the Sambre 
and Meuse on scales 1:14,400, 1:28,800 and 1:86,400 with the help of French 
scientist Cassini de Thury, who measured a supporting triangulation network.13 
All this cartographic material remained in manuscript form and was kept secret 
from the general public (Lemoine-Isabeau 1984, pp.52-58).  
As a result of the reversal of alliances in 1756, the French troops could 
peacefully pass through the Austrian Netherlands during the Seven Year’s War 
(1756-1763), on their way to the battlegrounds in Germany.14 French military 
                                                                                                                                                         
8 Naudin – Théâtre de la guerre en Flandres (1700) (1:72,000). 
9 Fricx – Carte des Pays-Bas et des frontières de France (1704-1747) (1:110,000). 
10 De Fer – Les frontières de France et des Pais-Bas (1708-1743) (1:110,000). 
11 Naudin – Les frontières du Nord (1719-1740) (1:43,200). 
12 Masse – Les frontières du Nord (1724-1736) (1:28,800). 
13 The triangulation by Cassini de Thury and the resulting maps by the French military 
engineers will be discussed in detail in chapters 3 and 4 of this dissertation. 
14 Cassini de Thury’s trip to Vienna in 1761 to establish the correct longitude of the 
Habsburg capital in relation to Paris as part of his pan-European triangulation campaign was 
another result of the newly signed Habsburg-Bourbon alliance, which thus paved the way 
for scientific collaboration between both states. The French scientist worked together with 
local astronomers Maximilian Hell and Joseph Liesganig on a variety of astronomic and 




engineers started mapping the Rhine between Mainz and Wesel, as well as its 
tributaries on the right bank. In May 1761 the French decided to also extend 
their surveys to the left bank of the Rhine, in the direction of Liège. The 
Habsburg government in Brussels was asked to help by providing the French 
engineers with local guides, food and lodgings. This request was granted on 
condition that the government would receive an exact copy of the finished 
map.15 Surveys ensued between the spring of 1762 and March 1763. They 
resulted in eight manuscript map sheets on a scale of 1:14,400, of which only 
three encompassed territories in the Austrian Netherlands, specifically the valley 
of the river Vesdre and its surroundings in the Duchies of Limburg and 
Luxemburg (Lemoine-Isabeau et al. 1980, pp. 69-75).16 
Although the French were thus very actively engaged in the mapping of the 
Austrian Netherlands, not one of their large-scale topographic maps covered 
the entire country. Likewise, the maps created by the engineering corps of the 
Austrian Netherlands during the 18th century only offered a fragmentary 
coverage of the territory (Lemoine-Isabeau 1984, pp.58-61).  
A first project proposal for a general topographic map of the Austrian 
Netherlands was conceived by Antoine Palquois de Regnière, a geographer 
who was also the chaplain of the governor of the Austrian Netherlands, Charles 
de Lorraine.17 It was presented to Maria Theresa in 1751 and resurfaced in 1759 
when the Empress asked the governor’s opinion on whether or not this 
particular mapping project could be extended to include all the Habsburg 
dominions. Charles de Lorraine turned to the minister plenipotentiary of the 
Austrian Netherlands, Charles de Cobenzl18 , for advice. Because Cobenzl found 
                                                                                                                                                         
learn from each other, which benefitted the cartographic interests of both states. 
Furthermore, the new geodetic measurements offered the French the additional advantage 
of being able to improve the accuracy of maps displaying the war theatre in the German 
lands (Veres 2015, pp.358-380). 
15 In the end it seems the French never made good on this promise. See Chapter 3, p.69 
16 Carte d’Allemagne (1 :14,400) (Vincennes, SHD, Cartes & Plans L1 C21, f.20+21+22). 
17 Charles de Lorraine (1712-1780) was the brother-in-law of Empress Maria-Theresa. She 
had married his eldest brother Francis in 1736. Charles himself married Maria Theresa’s 
younger sister Maria Anna in 1744. That same year he became governor of the Austrian 
Netherlands, which he continued to administer until his death in 1780 (Bracke 2009, p.7). 
18 The minister plenipotentiary served as an intermediary between the courts of Vienna and 
Brussels and as a check on the development of any independent policy in the latter. The 




that the project lacked consistency and he was doubtful of de Regnière’s 
cartographic talents, the project was abandoned (Gachard 1843, pp.4-5; 
Lemoine-Isabeau 1983, pp.227-228).  
After the Seven Year’s War the search for a suitable mapping project picked up 
steam. In 1765 officer Desloges of the Council of Finances presented a very 
elaborate (334 pages) but somewhat confusing project, which leaned more 
towards an economic survey than a true geographical one. With the help of one 
engineer, Desloges aimed to update the Fricx map created at the start of the 
century. The improved map would have been accompanied by extensive 
memoirs, containing the answers of local officials to an economic questionnaire. 
No comments on this project survive but it never saw the light of day (Gachard 
1843, pp.5-7; Lemoine-Isabeau 1983, pp.228-229). 
During the Seven Year’s War, Austria’s new ally France had sent several officers 
to the Austrian Netherlands to offer technical assistance. One of them, colonel 
baron de Bon, submitted a mapping project in 1764 that would serve as an 
important source of inspiration for count de Ferraris’s own project submitted in 
1769. De Bon proposed to create two maps: a manuscript large-scale one 
(1:14,400) for the imperial authorities and a printed commercial map that would 
have the same scale as Cassini de Thury’s Carte de France (1:86,400), but would 
be of superior quality than the French map. De Bon also suggested that to 
reduce the costs of the enterprise, he would ask the French government for 
permission to copy the maps the ingénieurs-géographes had made of part of 
the Austrian Netherlands between 1745 and 1748 on a scale of 1:14,400, as 
well as the French maps of the Duchy of Limburg created between 1761 and 
1762. Von Kaunitz approved de Bon’s project, but did not offer any 
governmental support for it. Before any further steps could be undertaken, de 
Bon got recalled to Paris in 1767 (Lemoine-Isabeau 1983, pp.229-234). 
 
1.1.2 CHARACTERISTICS OF THE FERRARIS MAPS 
Joseph-Jean-François count de Ferraris had close ties to the Habsburg court. 
He was born in Lunéville in Lorraine in 1726.19 When he was nine years old, he 
                                                                                                                                                         
during the tenure of Charles de Cobenzl (1753-1770) - and the minister plenipotentiary 
became the de facto supreme authority in the Austrian Netherlands (Janssens 2014, p.243). 
19  In 1736 Maria Theresa married Francis Stephen, the duke of Lorraine. Because of French 




was sent to the Viennese court where he received his education and became 
the page of Empress Amalia, the aunt of Maria Theresa. At the age of fifteen he 
joined the army in an infantry regiment. He took part in the War of the Austrian 
Succession and was appointed major in 1750. During the Seven Years’ War he 
served in the infantry regiment of Charles de Lorraine where he was appointed 
colonel in 1758 and major general in 1761. From 1764 onwards or perhaps 
even earlier, Ferraris was stationed in the Austrian Netherlands. In 1767 he 
became director general of the artillery corps, perhaps through the agency of 
Charles de Lorraine (Danckaert 1997, pp.7-8; Lemoine-Isabeau, 1984, p. 62).  
It was also at the instigation of the governor that count de Ferraris submitted his 
project proposal for the mapping of the Austrian Netherlands. Like de Bon, 
Ferraris wanted to create both a large-scale cabinet map and a smaller-scale 
commercial map. Ferraris also reiterated de Bon’s hope of obtaining copies of 
French maps of the Austrian Netherlands. He was clearly less familiar with 
French military cartography than de Bon though, resulting in the more general 
statement that he was going to request copies of all the maps the ingénieurs-
géographes had created during the penultimate and previous war (i.e. the War 
of the Austrian Succession and the Seven Years’ War). Ferraris’s proposal further 
differed from de Bon’s with regard to the personnel, timing and costs of the 
undertaking. De Bon planned to work with 16 officers of the general 
quartermaster’s staff assisted by 30 soldiers, whereas Ferraris planned to 
employ one captain, two lieutenants and 66 soldiers from the artillery corps of 
the Austrian Netherlands. De Bon had estimated it would take one year of 
preparation and six years of surveys to finish the map, but Ferraris believed his 
team could finish the work within three years. Finally, whereas de Bon 
submitted a very detailed and realistic calculation of the costs for the entire 
duration of the project (183,360 German florins for seven years), Ferraris limited 
himself to a rough estimation of the staff expenses for the surveys (27,648 
German florins for 24 months) and merely asked the Viennese court for an 
advance of 12,000 German florins to cover the costs for the first year, when no 
Carte marchande map sheets could be sold yet to make the enterprise self-
supporting (Gachard 1843, pp.41-47).  
Minister plenipotentiary Cobenzl was still reviewing Ferraris’s project when he 
passed away in January 1770. This offered Charles de Lorraine the opportunity 
to get more personally involved in the promotion of Ferraris’s interests in 
                                                                                                                                                         
exchange his ancestral duchy for the right of succession to the Grand Duchy of Tuscany. 




Vienna. The governor was somewhat of a map aficionado: he owned an 
impressive map collection, drew maps himself, and was the benefactor of 
several engineers. Furthermore, he strongly believed in the benefits of 
possessing a detailed map of the country and had faith in Ferraris’s abilities to 
bring the project to a successful conclusion. In February 1770 state chancellor 
von Kaunitz first rejected the project, mainly because he did not think a new 
map of the Austrian Netherlands was essential and, although Ferraris had only 
asked for a modest contribution, feared the actual costs would turn out to be 
considerably higher. According to Kaunitz, Ferraris would undoubtedly ask for 
more money at some point, something which would be hard to refuse without 
rendering all previous investments in his cartographic project useless. In this 
instance Empress Maria Theresa sided with her advisor and turned down 
Ferraris’s proposal. However, Charles de Lorraine was not that easily dissuaded. 
Determined to see the project realized he and Ferraris travelled to Vienna in the 
summer of 1770. They first managed to obtain the support of Emperor Joseph 
II and the Aulic War Council, after which Empress Maria Theresa changed her 
mind and also granted her approval on 11 August 1770. She was still very much 
concerned the project would take longer and cost more than budgeted, but did 
not want to go against her son and the War Council (Gachard 1843, pp.11-13; 
Lemoine-Isabeau 1973, p.259).  
Surveying work for Ferraris’s maps started soon after the approval and was 
more or less finished by December 1774. Chapters 3 and 4 of this dissertation 
offer a comprehensive account of this map production process so no further 
details will be given here. In December 1777 count de Ferraris travelled to 
Vienna to present the Emperor with the final sheets of the imperial copy of the 
Carte de cabinet (currently in the Dutch National Archives in The Hague). In 
April 1778, the Carte marchande went on sale. By August 1780 both other 
copies of the Carte de cabinet had been finished, one for governor Charles de 
Lorraine (currently in the Royal Library of Belgium in Brussels) and one for state 
chancellor von Kaunitz (currently in the Austrian State Archives in Vienna) 
(Lemoine-Isabeau 1984, pp.63-70). 
When the French invaded the Austrian Netherlands in 1792, Charles de 
Lorraine’s copy of the Carte de cabinet was first moved from Brussels to 
Cologne and then to Vienna in 1794, meaning all three copies were temporarily 
stored there. Also in 1792 the French seized the entire printed stock of 400 
copies of the Carte marchande in Brussels, followed by their confiscation of the 
map’s copperplates in 1794, which were then stored in the Dépôt de la Guerre 




republican forces and multiple reprints were issued during its stay in France. It 
was only in 1816, after Napoleon’s defeat, that the copperplates were returned 
to Ferraris’s daughter countess Zichy-Ferraris, he himself having died in 1814. In 
1817 Emperor Francis I gifted the imperial copy of the Carte de cabinet to the 
countess, who in turn sold both the map and the copperplates to King William I 
of the Netherlands. Today the imperial copy is still in the Dutch National 
Archives. After World War I the Treaty of Saint-Germain-en-Laye of 1919 
stipulated that the Belgian government could ask Austria for the return of 
several documents of national importance, among which the Carte de cabinet. 
As a result, the copy of the governor arrived back in Brussels in 1922. In 1949 
the Dutch government also returned the copperplates of the Carte marchande 
to Belgium (Bracke 2009, p.5; Lorette 1978). 
All three copies of the Carte de cabinet (1:11,520) consist of 275 map sheets, 
most of which measure ca. 140 x 90 cm,  amounting to a total of about 350 m² 
if all map sheets are combined (Figure 1-4). Each map sheet covers an area of 
16 x 10 km.  
 
Figure 1-4. Map sheet arrangement of the Carte de cabinet. 
Through its use of colour, symbols, and text, the map conveys an enormous 
amount of information on the 18th century landscape, with the depiction of land 
cover, roads and waterways, buildings, industry, relief (through shading), 




cabinet show the same topographical features, the outlook of the copy of 
chancellor von Kaunitz (Vienna) is slightly different. Just like von Kaunitz and 
Maria Theresa had predicted, Ferraris’s cost estimate for the mapping had been 
far too low and the count quickly found himself in financial difficulties. In 
exchange for one of his many requests for additional funds, the Habsburg 
government, who had originally asked for only two copies of the Carte de 
cabinet, now demanded a third one reserved for chancellor von Kaunitz. It was 
agreed upon that this would not be a finished product like the copies of the 
Emperor (The Hague) and the governor (Brussels), but rather a compilation of 
the original plane table sheets used for the surveys. These smaller sheets of 
paper (33.7 cm x 33.7 cm) were pasted side by side on large linen sheets to 
create the Viennese copy of the Carte de cabinet. This copy is easily 
recognizable by its grid of small back squares (1.35 cm x 1.35 cm) covering the 
entire map. This was added to help the surveyors draw to scale, and to facilitate 
the copying of these draft sheets onto the definitive map sheets of the Brussels 
and The Hague copy of the map (Figure 1-5) (Lemoine-Isabeau 1983, pp.266-
270). 
 
Figure 1-5. Detail of map sheet 111 on the three copies of the Carte de cabinet. Left: Brussels 
(KBR) / Center: The Hague (NA) / Right: Vienna (OESTA). 
The Viennese copy is also characterized by slightly different drawing and 
colouring conventions, typical for draft maps. A comprehensive map key for the 
Brussels and The Hague copies of the Carte de cabinet can be found in De 
Coene et al. (2012). However, because the Carte de cabinet is a manuscript 
map on which a lot of people collaborated, it can sometimes be hard to tell 
whether symbols look different because of the individual style of the 




meaning. The Viennese copy of the map can offer some help in this respect 
because it uses abbreviations and a simpler colour scheme to indicate land 
cover, which makes interpreting it much more straightforward (Table 1-1). 
Most noticeable on this copy is the abundance of the colour yellow, which is 
used to depict pastures and makes it easy to distinguish these from other types 
of land cover. They are marked with a P for “prairies”, or with the letters Com / 
Commune in case these pastures were communal. Also striking is the fact that 
arable land is not coloured but merely indicated by the letters T / TL, referring 
to “terre labourable”. This also confirms that the configuration of green and 
pinkish stripes used to depict these lands on the Brussels and The Hague copy 
of the Carte de cabinet does not correspond to any kind of real parcel structure 
but results from the cartographer’s imagination. Broadleaf woodland is 
coloured green on the Viennese copy and is designated by either a B / Bs or an 
R / Rpe / Raspe, depending on the type of exploitation. B-woodlands are “bois 
de haute futaye”, consisting of tall trees, which are drawn as isolated circles on 
the Brussels and The Hague copy. R-woodlands are “bois de basse futaye” or 
“bois taillis”, consisting of coppiced trees, which are drawn in groups of two or 
three on the Brussels and The Hague copy. Other abbreviations used on the 
Viennese copy are Sap (“sapin”) for coniferous woodland, Bre (“bruyère”) for 
heathland, Mr (“marais”) for marshland, V (“verger”) for orchards, and J 
(“jardin”) for gardens (De Dainville 2002). 
 
Abbreviation French English Viennese vs Brussels copy –  
















    
    
T / TL terre labourable arable land 




B / Bs bois de haute futaye broadleaf woodland 
with tall trees 
    
R / Rpe / Raspe bois de basse futaye  
bois taillis 
broadleaf woodland 
with coppiced trees 
    
Sap sapin coniferous woodland 
    
Bre /Bere / Bruy bruyère heathland 
    
Mr marais marshland 
    
V verger orchard 
    
J jardin garden 
    
Table 1-1. Abbreviations and colours used for the indication of land cover on the Viennese 
copy of the Carte de cabinet.  
The right column also shows the same map fragments on the Brussels copy of the Carte de 






The Carte de cabinet was accompanied by twelve volumes of Mémoires 
historiques, chronologiques et oeconomiques, together consisting of over 
4,000 manuscript pages.20 They were compiled on-site by the artillerymen using 
a standard questionnaire, but are in no way a statistical report.21 For each map 
sheet they contain a description of the most important localities and historic 
events that took place there, a - limited - economic appraisal (nature of the 
soils, agricultural produce, trade and industry, combustibles), and information 
useful for military purposes, for example concerning the ease of troop 
movement (description of the state of the road network, listing of waterways, 
bridges and fords, relief and areas of marsh), potential encampment sites, and 
possibilities for foraging. They also comprise lists with the names of the parishes 
per map sheet and the numbers these parishes are given on the map. The first 
volume starts with an eight-page general introduction to the map, the 
Eclaircissement sur la Carte de cabinet des Pays-Bas autrichiens. This also 
contains a concise written map key. Finally, seven sheets of a Tableau historique 
et chronologique des sieges, batailles, camps et autres faits militaires 
particuliers with reference to the period 1567 – 1748  accompanied the Carte 
de cabinet (Bracke 2009, pp.16-17; Bruwier 1978). 
Count de Ferraris had originally planned for the Carte marchande (1:86,400) to 
consist of seventeen sheets, but while working on the map the decision was 
made to add eight more sheets so that the finished product could form one 
huge wall map of 25 sheets (Figure 1-6). Eighteen sheets showed the actual 
map. Three sheets depicted a part of the map in their top half and the map’s 
title (11), scale bars (17), and map sheet arrangement (23) in their bottom half. 
The four remaining sheets showed the map key (1), a depiction of Ferraris 
presenting his map to Emperor Joseph II (16), a plan of Brussels (21), and a 
                                                                
20 The association between map (as picture) and memoir (as text) was a common feature in 
Enlightenment mapmaking. Similar memoirs as those of the Carte de cabinet for example 
accompany the Great Military Map. Memoirs helped clarify and validate the geographical 
knowledge represented in the map and can thus be seen as another Enlightenment tool to 
describe the earth with increasing accuracy, precision and consistency (Bruwier 1978, pp.60-
61; Withers 2007, p.43). 
21 There does not seem to have been any collaboration with the Council of Finances for the 
compilation of the memoirs, let alone use of census data they had gathered. Such a 
partnership would have given Ferraris’s mapping project a more official character, whereas 
the government took care in presenting it as a private enterprise to avoid arousing local 




general overview map of the entire Austrian Netherlands on a scale of 
1:432,000 (22)22. 
Contrary to the Carte de cabinet, the depiction of the territory on the Carte 
marchande does not stop at the borders of the Austrian Netherlands. 
Neighbouring regions are also shown so that the map sheets do not contain 
any blank spaces. Furthermore, the Carte de cabinet’s topography needed to 
be generalized on the Carte marchande because of this map’s smaller scale. 
The map therefore uses more conventional signs, all of which are listed in the 
map key on the first map sheet. Arable land is left blank and the outline of 
woodlands is less precise. Conurbations are schematized and smaller landscape 
elements such as hedges, ditches and pathways are omitted. Larger roads and 
waterways are all present though and the indication of relief has been retained. 
Finally, the vast majority of the toponyms are also still mentioned, but they are 
very often abbreviated in some way (Lemoine-Isabeau 1983, p.334). 
 
Figure 1-6. Map sheet arrangement of the Carte marchande. 
                                                                




1.2 RATIONALE AND SYNOPSIS 
1.2.1 RESEARCH OBJECTIVE AND QUESTIONS 
Ferraris’s maps and in particular his Carte de cabinet are uniquely important. 
The large-scale map provides a uniform graphic snapshot of the entire Belgian 
territory, at a time when the landscape was beginning an era of rapid change. 
The map was made at the end of the Ancien Régime, before the onset of the 
Industrial Revolution started to alter the outlook of the landscape, and the 
annexation by France in 1795 drastically changed its administrative structure. 
For many areas of Belgium, it is the most detailed and informative map that 
survives for the 18th century, and for the entire territory, the only standard 
topographic map prior to the Vandermaelen and Depôt de la Guerre mapping 
in the 19th century. More generally, the Ferraris maps are a landmark of 
cartography, exemplifying emerging standards in military surveying and 
cartography in the 18th century. Consequently, the maps constitute a primary 
source of historic information for researchers in a wide variety of disciplines, 
from cartography and geography, over landscape studies and nature 
conservation to history and archaeology.  
Given their status Ferraris’s maps have received a lot of scholarly attention over 
the years, starting already in the 19th century. In 1843 Louis-Prosper Gachard, 
the first head of the Belgian State Archives, wrote a concise yet thorough 
discussion on Ferraris’s cartographic project with a view to asking the Austrian 
government for the return of one of the two copies of the map which were kept 
in Vienna. Gachard’s study is still very useful today, although it is a pity that he 
does not cite his sources. About a decade later the Belgian Dépôt de la Guerre 
was preparing its first topographic map of the country and wanted to gather 
information on the accuracy of previous topographic maps, including the Carte 
de cabinet and Carte marchande. In this framework general Nerenburger (1856) 
researched whether or not the Ferraris maps were based on a triangulation. Still 
in the 19th century, archival research by colonel Henrionet (1876) and colonel 
Hennequin (1891) resulted in the addition of some new details to the basic 
information gathered by their predecessors. In 1919 it was at the instigation of 
librarian Albert Tiberghien of the Royal Library that the clause for the return of 
one copy of the Carte de cabinet was added to the Treaty of Saint-Germain-en-
Laye. Tiberghien also wrote several studies on both the Carte marchande and 
the Carte de cabinet (e.g. 1909, 1923). The publication of a facsimile of the 




Gemeentekrediet between 1965 and 1974 gave a fresh impetus to research 
interest in the map. The facsimile included an introduction by Antoine De Smet 
(1965), who was at the time the head of the Map division of the Royal Library. 
His impressive bibliography also includes several studies on the Ferraris maps 
(e.g. De Smet 1974). On the occasion of the completion of the publication of 
the facsimile in 1976 a conference was organised in Spa. This resulted in a 
conference volume by the Gemeentekrediet (1978) with 19 papers that placed 
Ferraris’s mapping project in the broader context of 18th century European 
cartography. By far the most significant contribution to the knowledge on 
Ferraris and his maps has been made by Claire Lemoine-Isabeau, researcher of 
the Royal Museum of the Armed Forces and Military History in Brussels. From 
the 1960s to the 1980s she was responsible for a multitude of publications 
linked to the subject, including studies on the military schools of the artillery 
corps and engineering corps in the Austrian Netherlands (1969), the map of the 
Sonian Forest by Ferraris (1973), map sheet 16 of the Carte marchande (1975), 
and the Viennese copy of the Carte de cabinet (1978). In 1983 she finished her 
PhD thesis dealing with the cartography of the Southern Netherlands from the 
end of the 17th century to the creation of the Ferraris maps. One year later 
(1984) this lead to the publication of a book on the same topic.  
A specific niche in the Ferraris research analyses the geometric accuracy of the 
maps, that is, the extent to which distances, angles and areas are correctly 
represented. The focus of this research has been predominantly on the Carte 
de cabinet, for which quite a number of studies have been published over the 
years.23  However, the vast majority of these studies stem from the 19th century 
(e.g. Nerenburger 1856) or the 1960s, 70s and 80s (e.g. Daels and Verhoeve 
1963; Van der Haegen and Vanneste 1989), which unfortunately means they are 
either based solely on an assessment of written archival documents or on very 
limited map analyses, seeing how the computation and visualisation capabilities 
of the time where still a far cry from what they are today. In recent years 
libraries, archives and geographical agencies are increasingly making their rich 
cartographic collections digitally available to the world.24  Many old maps are 
                                                                
23 A detailed state-of-the-art will be given in chapters 3 and 4. 
24 This has also happened for the Carte de cabinet. The Brussels copy of the map can be 
consulted online both in its original form, per individual map sheet (see 
http://www.kbr.be/collections/cart_plan/ferraris/ferraris_nl.html) or as one georeferenced 
map (see Section 4.1 for details). A georeferenced version of the Brussels 
(http://mapire.eu/en/map/belgium) and Viennese (http://mapire.eu/en/map/firstsurvey/) 




currently being annotated and georeferenced through crowdsourcing initiatives 
or otherwise, which greatly facilitates their ability to be queried and compared. 
Thanks to this evolution, it is becoming customary to study the geometric 
accuracy of old maps using dedicated software applications, which in turn have 
improved systematically over the years. State-of-the-art techniques for 
geometric analysis are now granting access to a treasure trove of information 
for historical studies. Geometric analysis not only helps to assess the reliability 
and accuracy of the data present on maps, it can also help uncover technical 
aspects of map production by making it possible to evaluate theories on 
adopted surveying methods, or on the use of source maps or triangulation data 
to compile a certain map (Jenny and Hurni 2011). 
These improved technical capabilities justify a thorough reappraisal of the 
geometric accuracy of Ferraris’s cartographic output. Through the powerful 
combination of new, in-depth map analyses and a critical examination of the 
large number of existing studies which were more theoretical in nature, this 
dissertation aims to ultimately “deconstruct the Ferraris maps”. 
Deconstruction 25  is not to be interpreted here as the postmodern notion 
developed by leading map historian John Brian Harley, indicating the search for 
socio-cultural context, metaphor and rhetoric in maps where cartographic 
positivism would find only objective scientific measurement and topography 
(Harley 2001, pp.149-153). Instead, the word is used in a more literal sense, 
signifying that the aim of this dissertation is to dismantle the maps to reveal 
their individual components, be that input from field surveys, existing geodetic 
data or other maps, and to gain insight into which external factors influenced 
how all this potential input was combined to form the end products, that is, the 
maps. This will be done by studying archival sources and by performing 
analyses on the maps themselves to, among other things, determine their 
geometric accuracy. The title of this dissertation deliberately uses the plural 
“maps”, because the focus will not be solely on the Carte de cabinet (although 
this map will play the leading role), but on several of the maps created by count 
de Ferraris and his team during the entire production process.26 
                                                                
25 In promoting a deconstructionist approach, Harley was advocating an exploration of 
various, perhaps conflicting discourses in cartography. He did not reject the importance of 
map production techniques, only the idea that cartography could be reduced to their study, 
without considering the influence of social factors on these technical rules (Casti 2005, p.3). 
26 This includes a map of the Sonian Forest (1769); a map of the Lys River (s.d.); the Tableau 




As such, the main research objective in this dissertation is defined as: 
To gain better insight into the geometric accuracy of Ferraris’s maps and into 
the elements of the map production process that were influential in this 
respect. 
From this general research objective, five more specific research questions (RQ) 
were derived.  
- RQ 1: What is the current state-of-the-art in research on the geometric 
accuracy of Ferraris’s maps? 
With this first research question the aim is to deconstruct the past scientific 
discourse on the subject. First, this requires evaluating what research has 
already been done, or more importantly, has not yet been undertaken, in 
order to identify gaps in the knowledge where this thesis can make a 
valuable contribution. Also crucial is the way the existing research has been 
conducted. Investigating this will allow the detection of possible 
methodological shortcomings and to suggest improvements. Finally, it will 
be necessary to ascertain whether the results obtained by previous studies 
are still valid, so their findings can either be confirmed or new insights can 
be put forward. 
Past research can be more or less divided into two categories, one focusing 
more on the country-wide geodetic framework, and one that approaches 
the question of geometric accuracy on a more local level. This duality gives 
rise to research questions 2 and 3. 
- RQ 2: Was there a national geodetic framework of precisely located points 
supporting the maps and how did this affect their geometric accuracy? 
During the War of the Austrian Succession (1740-1748) French geodesist 
Cassini de Thury carried out a triangulation in the northern part of the 
Austrian Netherlands. It is generally assumed count de Ferraris 
incorporated Cassini’s geodetic data into his own maps of the Austrian 
                                                                                                                                                         
Pays-Bas autrichiens, qui sera une suite de la nouvelle carte de France, dressée d’après les 
observations et les calculs des astronomes de Paris (1772); the Carte marchande (1777); and 
the Carte générale qui comprend la situation des principaux objets qui ont servi de 
fondement à la description géométrique des Provinces Autrichiennes dans les Pays-Bas y 





Netherlands thirty years later, incited by Cassini himself claiming so in a 
book he published in 1775, and Ferraris in turn acknowledging it on his 
Carte marchande. However, Cassini’s contribution to Ferraris’s mapping 
project has never been studied in detail, so several key issues remain 
unanswered. These are concerned with the nature of the connection 
between Cassini and Ferraris (was this direct or indirect?); the nature of the 
data transfer between the two men (what data were communicated and 
how?); the way in which Ferraris incorporated the French triangulation into 
his own work (were the data simply copied as a whole or partly adapted?); 
and the impact this had on the geometric accuracy of Ferraris’s maps (did it 
help to improve or did it reduce the geometric quality of the maps?). 
After having looked at the larger geodetic structure of several of Ferraris’s 
maps in this way, the next research question will investigate the geometric 
properties of the Carte de cabinet more in detail. 
- RQ 3: How accurate is the Carte de cabinet on a local level and what do its 
distortions tell us about the way the map was made?  
In the past a number of studies have tried to assess the geometric accuracy 
of the Carte de cabinet, but they all suffer from restricted technical 
capabilities for computing and visualising the distortions, and most of them 
only focus on a very limited number of the 275 map sheets. It will therefore 
be vital to first establish an appropriate methodology that will allow to 
calculate and display geometric distortions with a very high spatial 
resolution for a very large number of map sheets. Only then can a 
systematic and in-depth investigation of the map’s local geometric accuracy 
be carried out. If certain trends can be identified in the obtained levels of 
accuracy, the next step will be to try and explain these by linking them to 
historical facts about the map’s production process. Factors that should be 
investigated include the number of surveyors working on the map, the 
training of these men, the adopted surveying techniques, the amount of 
time taken to map certain regions, the order in which the surveys took 
place, the physical properties of the landscape, the interaction with local 
authorities in the Austrian Netherlands, and the use of existing maps. This 
last aspect ties in with the next research question. 
- RQ 4: Can the Carte de cabinet be considered an original work, and if not, to 




material, both in terms of its geodetic framework and in terms of its 
topographical content? 
The originality of the Carte de cabinet has been the subject of debate. 
Many researchers have found it hard to believe that an enterprise as 
ambitious as the surveying and large-scale mapping of the Austrian 
Netherlands was realized within a time span of only a couple of years. 
Because this topic has received quite a lot of attention in the past we 
considered it opportune to devote a separate research question to it, even 
though the subject is for the most part also covered by research questions 2 
and 3. The level of originality of the map has important ramifications, as it 
determines whether or not certain distortions were inherited from maps or 
geodetic data sets that served as source material. Furthermore, it influences 
whether the Carte de cabinet shows what the country looked like in the 
1770s or actually depicts an earlier state of the landscape. 
- RQ 5: How do Ferraris’s maps fit in with the state-of-the-art of the mapping 
methodology in the 18th century?  
This final question is crucial. Even if we are able to quantify and explain the 
distortions in the maps, the recorded amount is still meaningless if it is not 
contextualized. There is a danger in georeferencing and integrating a map 
such as the Carte de cabinet with modern maps or satellite imagery, as this 
might lead to people of this day and age finding the map deficient in ways 
its original creators and users would never have appreciated or intended. 
Results therefore need to be compared to what is known about the 
methods of surveying at the time of Ferraris to see if the state of 
technology and scientific understanding in the second half of the 18th 
century, as well as the geometric requirements for military maps at that 
time can account for the overall topographic style and accuracy of Ferraris’s 
maps. 
 
1.2.2 OUTLINE OF THE DISSERTATION 
The various research questions described above are discussed and analyzed 
throughout the rest of this dissertation. There is not always a one-on-one 
relationship between the stated research questions and the chapters 




specific question. Chapters 2 through 4 were adapted from papers published or 
submitted for publication in international peer-reviewed journals. A note at the 
end of each chapter describes these adaptations. 
Chapter 2 will take a closer look at mapmaking in the Enlightenment. At the 
time, faith in the existence of objective knowledge penetrated cartography. 
There were fewer ‘blank spots’ to fill in on the map of the world so the focus 
shifted from discovery and description to accuracy and precision. Most 
European states became increasingly involved in large-scale territorial surveys 
as a way of acquiring basic geographical information. The chapter will 
specifically focus on two of those, the Carte de France by Cassini de Thury and 
the Habsburg Josephine Survey, and investigate how they relate to Ferraris’s 
mapmaking (RQ 5). 
Chapter 3 is directly linked to RQ 2, but also offers important insights for 
answering RQ 1, 4 and 5. The chapter starts with a detailed consideration of 
Cassini de Thury’s geodetic activities in the Austrian Netherlands during the 
War of the Austrian Succession. Particular attention will be paid to the 
documents containing Cassini’s triangulation data that count de Ferraris might 
have had access to. Then the connection between both men will be 
investigated, first through an analysis of archival documents and second 
through a direct examination and comparison of Cassini’s and Ferraris’s 
geographical and projected coordinates for several of their maps. Finally, the 
accuracy of these 18th century coordinates will be assessed against coordinates 
from a modern-day topographical map. Appendix 2 lists all the archival 
documents used throughout this dissertation. Appendix 3 contains all the 
geographical and projected coordinates analysed in this chapter. 
Chapter 4 is directly linked to RQ 3, but like the previous chapter also offers 
information that helps to answer RQ 1, 4 and 5. The chapter starts with a dual 
state of the art, on the one hand describing previous research into the 
geometric accuracy of the Carte de cabinet, and on the other listing recent 
techniques for accuracy studies of old maps. We will demonstrate that these 
techniques fail to satisfy all our requirements, which is why we decided to adopt 
a new technique for our study, termed Differential Distortion Analysis. Its 
buildup and application to the Carte de cabinet are discussed in detail. The 
technique allows computing and visualizing the exact local distortions of the 
Carte de cabinet, so their location, size and patterns can be studied, and their 
relationship to the map’s production process can be investigated. These results 




geometric accuracy. Two of several factors that will be taken into account when 
explaining the distortions of the Carte de cabinet are the amount of time taken 
to survey certain zones and the order of the surveys. Appendix 4 offers 
important information in this respect, as it lists the date on which each map 
sheet of the Carte de cabinet arrived in the archives of the Aulic War Council in 
Vienna. 
Chapter 5 recapitulates the five research questions and presents a summary of 
and a general discussion on the findings of this dissertation. Avenues for further 
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Modified from: Vervust, S. (2015) Habsburg cartography with French scientific flair. The circulation of 
mapmaking principles in the eighteenth century through the example of the Ferraris maps. Caert 
Thresoor, 34(2), 88-97. 
 
2.1 ENLIGHTENMENT MAPPING 
Ferraris’s mapping project is a good example of the general cartographic trends 
characterising the “long 18th century” (c. 1650-1800). This period saw the 
emergence of an increasing number of extensive and detailed, medium- to large-
scale surveys by specialist surveyors for the use of military commanders. This 
phenomenon was associated with the transition from static sieges to more 
mobile forms of warfare, involving military manoeuvres over vast areas. The 
ensuing need for rapid and intelligent reconnaissance of the landscape stretching 
far across the horizon meant it was no longer possible for mapmakers to stay in 
their studios and increased the demand for military engineers and topographical 
surveyors. The map became a leading technology of geographical knowledge, 
quickly adopted by the military and appropriated by the government as a tool of 
power, authority, and administration. Over the 17th and 18th centuries, surveying 
and mapmaking gradually became institutionalized, conducted by permanent 
agencies. This provided the continuity required for national surveys, producing 
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uniform maps that could be kept up to date (Andrews 2009, pp.26-34; Biggs 
1999, Pedley 2011). 
The emphasis on original survey was but one exponent of the concern for 
accuracy that became prominent in Enlightenment mapping. It found further 
expression in the growing understanding and use of trigonometry for 
triangulation, and the greater use and improvement of precision instruments, for 
example by means of increasingly fine gradations on angular measurement 
devices and more powerful lenses in telescopes. Through mathematics and 
measurement, surveys were believed to offer a true and accurate representation 
of geographical reality. The use of the telescope’s extraterrestrial observations 
and of more accurate methods of triangulation helped provide the solution to 
one of the Enlightenment’s big geographical questions: determining the precise 
size and shape of the earth. Isaac Newton’s laws of gravity postulated that the 
earth was an oblate spheroid, bulging at the equator and flattened at the poles. 
Supporters of René Descartes on the other hand believed the earth to be 
flattened at the equator and bulging at the poles. To settle the issue the French 
Académie des Sciences supported two expeditions, one to Lapland (1734-1737) 
and one to Ecuador and Peru (1735-1744). The results of their measurements 
helped establish the Newtonian view of the world and changed accepted notions 
about the variations in the length of a degree of latitude arc as one moved 
towards or away from the poles. At the same time a movement grew to 
determine longitude more accurately and with it the more precise location of 
places on the earth’s surface. Its solution depended on the ability to calculate the 
difference between local time and the time at the prime meridian. However, until 
the end of the 18th century clocks were too unreliable for chronometric longitude 
measurements. Instead, the heavens themselves were treated as a clock. From 
the end of the 17th century observations of the eclipses of Jupiter’s satellites 
became a device for finding longitude, although the method was too slow and 
cumbersome (requiring the use of large telescopes) to provide a dense network 
of stations (Andrews 2009, pp.121-122; Pedley 2005, pp.2-3; Withers 2007) 
Mapmaking in the Enlightenment was also characterised by its homogeneity in 
style and content. The adoption of common cartographic practices was furthered 
by the establishment of specialized academies offering training for topographical 
surveyors, particularly from the second half of the 18th century onward. The clear 
move away from earlier models of apprenticeship or a father-son transfer of 
knowledge lead to the development of a much larger skilled workforce of both 
military and civilian surveyors, which spread across European borders. The era 
also saw the publication of new textbooks offering practical guidelines for both 
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topographic surveying and the drawing of maps. These books were often 
translated and circulated internationally, much like the surveyors themselves. 
Cartographic ideas, trends, and techniques thus diffused between countries, all 
of which contributed to the gradual creation of an international, scientific 
cartographic language in the 18th century (Andrews 2009, pp.226-227; De 
Dainville 2002, pp.x-xiii; Pedley 2011). 
 
2.2 THE CASSINI MAP OF FRANCE 
France was at the forefront of these new developments. Particularly important in 
this respect were the Académie des Sciences (1666) and the Paris Observatory 
(1667), both founded with government patronage at the instigation of Jean-
Baptiste Colbert (1619-1683), Louis XIV’s powerful minister of state. These 
institutions promoted a series of measurements and astronomical observations to 
enable the precise determination of the size and shape of the earth and the 
creation of a new scientific map of the whole country (Andrews 2009, p.26).  
A first important step was taken by Jean Picard (1620-1682), one of the initial 
members of the Academy. Between 1669 and 1670 he validated the technique 
of triangulation by measuring the length of one degree of latitude along the Paris 
meridian using a triangulation network of thirteen triangles between Sourdon in 
Picardy and Malvoisine just south of Paris. According to his calculations one 
degree of latitude measured 57,060 toises or 111,212 meters, which is almost 
perfect for the latitude of Paris. In 1679, Picard and Colbert received permission 
from Louis XIV to make a map of France, which launched the next step in the 
mapping project. Picard and Philippe de La Hire (1640-1718), another member of 
the Academy, determined the position of a number of key locations along the 
Atlantic and Mediterranean French coast by astronomical observations, using a 
technique developed by the Italian astronomer Giovanni Domenico Cassini 
(1625-1712). In 1668 Cassini had published tables of the movements of Jupiter’s 
satellites which could be used to calculate longitude. Hearing of Cassini’s 
discoveries and work, Colbert had invited him to Paris in 1669 to join the 
Academy and to lead the new Observatory. The astronomic measurements of 
Picard and La Hire confirmed their suspicion that the existing maps of France 
were incorrect. The outline of the kingdom was redrawn on the Carte de France 
corrigée par ordre du roy sur les observations de Mrs de l’Académie des 
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sciences27, trimming its area by a fifth (Konvitz 1987, pp.4-6; Pelletier 2001a, 
pp.81-82; Petto 2007, p.6).  
Picard next submitted a project proposal to minister Colbert that he had first 
presented to the Academy in 1681. In it he suggested to survey a network of 
triangles that would encompass the country, thereby enabling the creation of a 
precise and unified map of France on one grid. He believed measurements 
should start along the Paris meridian, from Dunkerque in the north to Perpignan 
in the south of the country. This would serve the double purpose of enabling the 
more precise calculation of the circumference of the earth and providing the 
baseline for all future surveying operations in France. However, Picard died in 
1682 before the project could take off. In 1683 Cassini was asked to take on 
Picard’s project of extending measurements along the entire meridian from the 
North Sea to the Mediterranean. Cassini started work in the south, while La Hire 
began surveys in the north. However, their project quickly came to a halt when its 
strongest supporter, minister Colbert, died in 1683 and his successor François-
Michel Le Tellier, marquis de Louvois (1641-1691), who showed little interest in 
scientific cartography, reduced funding. Even after Louvois’s death the project 
was further delayed by poor finances and war. Measurements in the south of the 
country were resumed only in 1700 and finished in 1701. For the north this did 
not happen until 1718, when the triangulation the length of France along the 
Paris meridian was finally completed by Giovanni Domenico’s son, Jacques 
Cassini (II) (1677-1756), his cousin Jacques Maraldi (1665-1729), and La Hire 
(Konvitz 1987, pp.6-8; Pelletier 2001a, pp.81-82; Petto 2007, p.7-8; Turnbull 
1996, pp.16-18).   
The next stage of field work was begun in 1733 by Jacques Cassini (II), his son 
César-François Cassini de Thury (III) (1714-1784), Jean-Dominique Maraldi (1709-
1788) and Nicolas de La Caille (1713-1762), and consisted of extending 
triangulation chains across France. The impetus this time was practical. The 
Corps des Ponts et Chausées, which was responsible for constructing and 
maintaining the road network, required maps for planning a network of improved 
highways to integrate the kingdom. Between 1739 and 1740 Cassini II, Cassini III 
and La Caille had to also resurvey the Paris meridian after it had been 
conclusively proven that the earth is elongated at the equator and not at the 
poles as had been the accepted opinion among French scientists. By 1744 the 
                                                                
27 The map was presented to the Académie des Sciences in 1682 and printed in 1693 
(Pelletier 2001a, p.82). 
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nationwide triangulation was finally finished. It consisted of about 400 triangles, 
surveyed from 18 fundamental base lines. The location of 30 towns had been 
determined through astronomical observations. A first map 28  displaying the 
entire triangulation network was published that same year on a scale of 
1:1,772,000, followed by the publication of a second map29 of 16 sheets on a 
scale of 1:886,000 in 1746-1747 (Biggs 1999, p.383; Konvitz 1987, pp.8-21; 
Lemoine-Isabeau 1983, p.204; Pelletier 2001a, pp.84-85). 
In 1747 a wholly new project for the mapping of the country was launched. At 
the scale of 1:86,400, this printed map would cover France in 180 sheets at a 
greater level of detail. It was ordered by Louis XV after being impressed by a 
map of this scale made by César-François Cassini de Thury for military campaigns 
in Flanders during the War of the Austrian Succession. Cassini de Thury had been 
able to employ military personnel for his cartographic work in Flanders, which 
was a cheap, hierarchically organized and more or less trained work force. The 
Carte générale et particulière de la France however was a civil undertaking, so its 
collaborators were civilians (although this often included military engineers who 
had recently been demobilized).This also meant that existing maps by French 
military engineers, particularly of border regions, were not used for the surveys. 
The massive logistical exercise was at first funded by the state. However, when 
by 1756 at the start of the Seven Years’ War only two map sheets were 
completed, Louis XV informed Cassini de Thury that a shortage of money forced 
him to withdraw government funding for the project. To ensure the continuation 
of the surveys, Cassini de Thury began to organize a private company to finance 
the work. Shares were bought by prominent nobles, including several ministers, 
as well as many members of the scientific community. Revenue would come from 
map sales. Further assistance came from a subvention by the provinces 
equivalent to 2 years' expenses. The king also gifted all the instruments, maps, 
and materials necessary for the project. The mapping took more than 4 decades 
to complete, with all but 21 sheets published by 1789. After the death of his 
father, Jean Dominique Cassini (IV) (1748-1845) finished the work on the map. 
The state reclaimed direct control in 1793, when the National Convention – the 
assembly that governed France from 1792 to 1795 – transferred all materials to 
                                                                
28 This Nouvelle Carte qui comprend les principaux triangles qui servent de fondement à la 
description géométrique de la France will be discussed at length in Chapter 3. See also 
Figures 3-2 a, b and c. 
29 Some more details on this Carte qui comprend touts les lieux de la France qui ont étés 
déterminés par les opérations géométriques are given in Chapter 3, note 45. 
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the army (Biggs 1999, pp.383-384; Konvitz 1987, pp.21-31; Lemoine-Isabeau 
1983, p.205; Petto 2007, p.8). 
For the construction of the Carte de France, Cassini de Thury’s engineers relied 
on the previously measured triangulation network stretching the entire country, 
thus providing them with a frame of accurately located points. Other localities 
and landmarks were plotted by taking additional sightings with angle measuring 
instruments from elevated positions. On average this happened for about 300 
points per map sheet. While making their observations the engineers tried to 
enlist the aid of local guides, who would show and name all the places in view. 
On the other hand, the locations of roads, waterways, woodlands, other types of 
land cover, hills and valleys were not surveyed in the same detail since no 
systematic plane tabling was carried out. The reason that the landscape 
surrounding the precisely positioned points was only sketched on the Carte de 
France was that Cassini de Thury considered topographical details to be too 
variable and thus less important than a correct depiction of the geometry of 
more stable elements (e.g. church towers) that had been determined in a 
scientific way. Cassini still wanted to add topographical features to his map to 
make it appeal to as many potential buyers as possible, but their density is rather 
low and their accuracy limited. In fact, one can conclude that the Carte de France 
was not a true topographical survey, but rather a calculated geometric one 
(Cassini de Thury [1756], pp.3-13; Lemoine-Isabeau 1983, pp.204-207; Pelletier 
2001b, pp.175-184). 
After six months of fieldwork the engineers would each time return to Paris to 
make all necessary distance calculations and to combine their measurements, 
sketches and written information into draft maps on a scale of 1:86,400. Those 
maps would then again be taken out into the field to be verified and if necessary 
corrected. Only then would the maps be engraved and printed. The finished 
Carte de France consisted of 180 sheets, 154 of which measure 95 x 65 cm. The 
other 26 show the country’s border regions and have varying smaller dimensions. 
Every rectangular sheet covers an area of 40,000 by 25,000 toises or 
approximately 80 by 50 km. In the four vertices of each sheet the distances in 
toises to the Paris meridian and its perpendicular, intersecting it in the Paris 
Observatory, are given, thus enabling a straightforward compilation of all the 
map sheets. The map is important historically because it offers a first 
homogeneous and geometrically quite precise cartographic representation of all 
of France. Perhaps more importantly though, it established the practice, 
subsequently adopted by all national mapping projects, of linking topographical 
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surveys with a first-order triangulation network (Pelletier 2013, pp.140-146, 157-
158). 
 
Figure 2-1. Condé and its surroundings on Carte de France map sheet 41-Lille (1757-1758) 
(1:86,400). 
The entire Carte de France can be consulted online, both in its original form (see for example 
http://cassini.ehess.fr/cassini/fr/html/1_navigation.php) or georeferenced on the website of 




2.3 THE JOSEPHINE SURVEY OF THE HABSBURG EMPIRE 
The Josephine Survey or Josephinische Landesaufnahme was a complete 
cartographic survey of the Habsburg possessions in response to the shortage of 
accurate and reliable maps experienced by the empire’s military forces during 
the Seven Years’ War (1756-1763). The open-field battles typical of the 18th 
century had required the Habsburg armies to be highly mobile, but without 
extensive and detailed maps of their own territories to fall back on, troops had 
been marched into areas where there was no adequate billeting, precious time 
had been wasted in futile efforts to try and cross difficult terrain, and battles had 
been lost for want of knowing where best to position the troops (Vann 1992, 
pp.162-167; Veres 2012, p.145). 
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To prevent such incidents from happening again in the future, Maria-Theresa 
approved the first general mapping of the Habsburg Empire on 13 May 1764. 
Surveys started that same year in Bohemia (1764-167) and Moravia (1764-1768)30, 
strategically important regions in case of a new military conflict with Prussia. They 
ended with the mapping of Inner Austria in 1784-1787. Over the course of 23 
years the whole of the monarchy, other than the Habsburg dominions in Italy, 
Tyrol and Further Austria, had thus been mapped at a scale of 1:28,800 (1 
Wiener Zoll zu 400 Wiener Klaftern).31 The officers of the general quartermaster’s 
staff of the Habsburg army were in charge of the mapping. They were assisted by 
officers of regiments stationed in the region being surveyed and by local people 
that could inform them about the layout of the land and its toponymy (Dörflinger 
2004, p.78; Veres 2015, pp.143-153). 
In contrast to the printed Carte de France by Cassini, the manuscript Great 
Military Map resulting from the Josephine Survey was a closely guarded secret. It 
could only be consulted by high-ranking officers with special permission from the 
president of the Aulic War Council. The map was also not based on astronomic 
measurement or triangulation and because the different provinces were mapped 
independently from one another their map sheets could not be joined together 
perfectly to form a single uniform map. No geographical or projected 
coordinates are indicated on the maps. For Bohemia and Moravia, where surveys 
commenced, small-scale maps by Johann Christoph Müller from the beginning of 
the 18th century had been used as a basis and topographic details had been 
added to them, sketched in by eye. For the other provinces more precise plane 
table surveys were undertaken (Dörflinger 2004, p.78). 
The more than 3,200 multi-coloured map sheets on a scale of 1:28,800 offer a 
more detailed and expressive picture of the landscape than the Carte de France 
does. Settlements and individual buildings are drawn in red, bodies of water are 
coloured blue. Pastures and gardens are depicted as green surfaces, whereas 
arable land is left blank or filled in with light grey stripes. Woodland is indicated 
by black tree symbols and vineyards get black vine symbols. In combination with 
the use of hachures to represent relief, this is responsible for the maps’ rather 
dark outlook. Great care was taken to record the road network, using at least 
                                                                
30 Bohemia and Moravia are both regions of the Czech Republic. 
31 The Carte de cabinet by count de Ferraris with its scale of 1:11,520 (275 map sheets), and 
the map of Bukovina (currently in Romania and Ukraine) on a scale of 1:57,600 (71 map 
sheets) were the only exceptions. 
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nine different symbols for different types of roads. Features associated with this 
road network, such as bridges, customs points and postal stations are also 
depicted, as well as gallows, chapels and crosses, and constructions related to 
economic activities such as different types of mines, mills and kilns. Each map 
section was also accompanied by a memoir with a description of the land and a 
list of all the settlements (Bernleithner 1978, p.142; Dörflinger 2004, p.157; Veres 
2012). 
 
Figure 2-2. Limbach and its surroundings on the Great Military Map of Hungary (1782-1785) 
(1:28,800). 
The entire Great Military Map resulting from the Josephinische Landesaufnahme can be 
consulted in georeferenced form on the website of the Mapire project (see 
http://mapire.eu/en/map/firstsurvey/). 
Although the Great Military Map is geometrically less sound than the Carte de 
France, the surveys were still an outstanding cartographic achievement, covering 
over 570,000 km² over a span of just 23 years. The comparable surveys of France 
and England – at twice the scale – took more than twice the time and cost and – 
in the case of the Ordnance Survey - were not to be completed until much later. 
The Cassini survey of France (1:86,400) took a minimum of 42 years (1747-1789, 
when it was complete but for Brittany). This came after the preliminary work that 
had dragged on from 1679 to 1747. The completion of the surveying for the first 
edition one-inch to the mile Ordnance Survey maps of England and Wales 
(1:63,360) took a full 78 years, from 1791 to 1869 (Barber 1997, p.98). 
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2.4 THE FRENCH INFLUENCE ON THE FERRARIS MAPS 
Administratively count de Ferraris’s mapping project can be seen as an extension 
of the Great Military Map. It was commissioned by the Habsburg government, 
carried out simultaneously with the other Central-European surveys, and 
although it was not the general quartermaster’s staff who was responsible for the 
mapping, surveys were still conducted by a unit of the Habsburg army, namely 
the artillery corps of the Austrian Netherlands. Also in terms of cartographic 
design it is clear that Ferraris’s Carte de cabinet displays the same topographic 
features in a similarly detailed manner as the Great Military Map does. However, 
pronounced stylistic affinities with French cartography can be discerned as well. 
Because of its cartographic prominence, the French example influenced many 
other extensive mapping projects and Ferraris’s maps are no exception. The 
roots of this French influence are easy to identify. First, France and the Austrian 
Netherlands were neighbouring states, so ideas could quickly spread across the 
border. Furthermore, since France and the Netherlands had been enemies for a 
long time, the frontier region between both countries and large parts of the 
interior of the Netherlands had frequently been mapped by French military 
engineers during one of the many 17th and 18th century wars. At the beginning of 
the Seven Years’ War in 1756, the so-called Diplomatic Revolution resulted in an 
unprecedented coalition between France and the Habsburg Empire. This shift in 
power relations made it easier for the government of the Austrian Netherlands to 
tap into the vast French cartographic knowledge of the region. During the war, 
France even delegated a military engineer to Brussels to offer technical 
assistance to its Austrian ally. After the war had ended, in 1764, this colonel 
baron de Bon submitted a project proposal for the mapping of the Austrian 
Netherlands. It was never executed because de Bon got recalled to Paris in 1767, 
but Ferraris’s project proposal of 1769 borrowed many of its features. Finally, 
Ferraris himself and the two senior officers in charge of the training of the 
artillerymen were originally from Lorraine, making them familiar with French 
cartography and mapmaking principles (Lemoine-Isabeau 1983, pp.353-355). 
A French influence is easily discernible in the formal aspects of Ferraris’s maps. 
First, their scale shows a direct link to the French measurement system. Ferraris 
replicated de Bon’s idea of making a double map: a manuscript, military, and 
large-scale map on the one hand and an engraved, open access, medium-scale 
map on the other.32 He also used virtually the same map scales: whereas de Bon 
                                                                
32 For this part of de Bon’s project proposal, see: Brussels, AGR, SEG 2724, f.13-14. 
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proposed to create a large-scale map of 6 lignes pour 100 toises or 1:14,400, 
Ferraris’s Carte de cabinet has a scale of 7.5 lignes pour 100 toises or 1:11,520 33 
but both wanted the medium-scale map to be 1 ligne pour 100 toises or 
1:86,400. Since French and Austrian linear measurements employed similar units 
(Table 2-1), Ferraris could just as easily have defined his map scales using the 
Austrian system, as was done for the other maps of the Josephinische 
Landesaufnahme. A scale of 1:11,520 then corresponds to 1 Wiener Zoll zu 160 
Wiener Klaftern, and a scale of 1:86,400 is 1 Wiener Zoll zu 1200 Wiener Klaftern 
(Dörflinger 2004, p.77). Ferraris chose not to do this, probably because he was 
more acquainted with the French terminology and because this allowed him to 
point out how the scale of his Carte marchande was identical to that of the new 
Carte de France. De Bon did this too in his project proposal, but Ferraris went 
even further and really promoted the Carte marchande as an extension of 
Cassini’s map of France. He stated how his map was created following the same 
principles as the French map34 and how it had the same arrangement of map 
sheets35 (Figure 2-3). To achieve this similarity, Ferraris addressed a petition to 
Charles de Lorraine, the governor of the Austrian Netherlands, at the start of his 
mapping project in September 1770, asking him to request the French court for 
assistance.36 Among other things, he wanted the Academy of Sciences in Paris to 
send him their éclaircissements concerning the indication of the Paris meridian 
and its perpendiculars and parallels on the Carte de France, so he could base his 
map on the same principles and rules. Furthermore, he also asked the Academy 
for a metal plate measuring exactly one French foot, so he could use the same 
unit of measure as the Carte de France for both his terrain surveys and the 
construction of his map scales. 
 
                                                                
33 Ferraris actually describes the scale of his Carte de cabinet as « une ligne pour 13 1/3  toises, 
ou pour 80 pieds », but than goes on to say this is 7.5 times larger than the scale of the Carte 
de France. We therefore chose to write the scale in this way, for easier comparison. See: 
Appendix of Ferraris’s project proposal, entitled Explication sur la nouvelle carte de France, 
et sur la formation de celle des Pays-Bas autrichiens (reproduced in Gachard 1843, Pièce 
justificative IV, paragraph 8). 
34 Memoir of Ferraris to governor Charles de Lorraine, 1769 (Brussels, AGR, SEG 2273, f.49-
52) (reproduced in Gachard 1843, Pièce justificative II). 
35 See the Explication on the first map sheet of Ferraris’s Carte marchande. 
36 Ferraris to Charles de Lorraine, 22 September 1770 (Brussels, AGR, SEG 2273, f.72-73). 
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FRENCH linear measurements AUSTRIAN linear measurements 
Une ligne 0.225 cm Eine Linie 0.22 cm 
X12  X12  
Un pouce 2.7 cm Ein Zoll 2.6 cm 
X12  X12  
Un pied 32.5 cm Ein Fuß 31.6 cm 
X6  X6  
Une toise 195 cm Ein Klafter 190 cm 
X2000  X 4000  
Une lieue de Paris 3.9 km Eine Meile 7.6km 
Table 2-1. French and Austrian linear measurements. 
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Figure 2-3. The index maps of the Carte de France by Cassini de Thury (left) and the Carte 
marchande by Ferraris (above).  
On both maps the Paris meridian (red line) and the same map sheet (blue rectangle) are 
indicated. The sheets of the Carte de France are 40,000 toises wide, with the Paris meridian 
splitting the central sheets into two halves of 20,000 toises. Since all of the Austrian 
Netherlands lay to the east of this line, count de Ferraris could have easily made the sheets of 
his Carte marchande bordering the meridian 40,000 toises wide, or he could have opted for a 
different sheet configuration altogether. However, he chose to make the sheets only 20,000 
toises wide in order to conform with the map sheet arrangement of the Carte de France. 
(Left: Tableau de la Carte générale de la France, 1:3,960,000, 36x37cm. David Rumsey Map 
Collection, List No. 5694.000) 
(Above: Bottom half of map sheet 23 of the Carte marchande, 28x44.5cm. Brussels, KBR, 
Kaarten en Plans, XIII B Belgique gén. – 1777 – Ferraris – IV 10.258/23) 
As regards their semiotics, Ferraris’s maps demonstrate an adherence to both 
Habsburg and French maps and cartographic manuals. As mentioned above, the 
18th century shows a European trend towards uniformity in which features were 
represented on maps and how they were represented. Therefore, every 
European cartographic manual contained a similar overview of the most 
commonly used signs on maps (De Dainville 2002, p.329). One of the most 
influential 18th century manuals for the drawing and colouring of these signs was 
Les règles du dessein et du lavis by French military engineer Nicolas Buchotte, 
first published in 1721 (Buchotte 1721; De Dainville 2002, p.xvii). When the 
descriptions and drawings in Buchotte’s manual are compared with Ferraris’s 
Carte de Cabinet, the representation corresponds to a large extent for the vast 
majority of features (Figure 2-4) (De Coene et al. 2012). The same goes for the 
Carte marchande. Because of its smaller scale, the map uses more conventional 
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(i.e. agreed upon) signs than the Carte de cabinet, but they are similar to those 
listed by Buchotte and those drawn on the Carte de France (Figure 2-5). 
Moreover, in 1810, French publisher Charles Picquet produced an index map 
and map key to be used for both the Carte de France and the Carte 
marchande.37 Finally, it is also worth mentioning that Ferraris placed Parisian 
engravers at the head of his engraving studio and printed the Carte marchande 
on paper he had purchased in the Auvergne.38 
 
Figure 2-4. Comparison of the depiction of several signs on Ferraris’s Carte de cabinet (left) 
and in Buchotte’s manual (right). 
Top left: vineyards / top right: houses with gardens / bottom left: marshland / bottom right: 
fortification. 
 
Figure 2-5. Ferraris’s Carte marchande (left), Buchotte’s manual (middle) and Cassini de Thury’s 
Carte de France (right) all use the same sign to depict a hostelry. 
 
                                                                
37 It concerns the map key accompanying the Carte générale de la France par départemens, 
servant à l'assemblage des 182 feuilles de la Carte de France par Cassini et des 25 feuilles de 
celle de la Belgique de Ferraris, par Ch. Picquet (Pelletier 2013, pp.245-247). 
38  Ferraris to Empress Maria Theresa, 28 December 1777 (Brussels, AGR, CAPB 483, 
D101/C5/ad n°8). 
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Despite being Habsburg cartographic products, the formal aspects of Ferraris’s 
Carte de cabinet and Carte marchande thus clearly demonstrate signs of French 
influence as well. The question that now remains is whether or not this was also 
true for the adopted surveying procedure. In his project proposal for mapping 
the Austrian Netherlands the French colonel baron de Bon had advocated a 
modus operandi similar to the approach used for the Carte de France.39 He 
suggested that military engineers should first measure a first-order triangulation 
network spanning the country to which topographic detail should be added 
afterwards by means of plane table surveys. The next two chapters will 
investigate whether count de Ferraris followed the French example in this regard 
as well. 
  
                                                                
39 De Bon’s project proposal (Brussels, AGR, SEG 2724, f.3-4, art.2: Des Ingénieurs, et de la 
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NOTE ABOUT ADAPTATIONS MADE TO THE ORIGINAL PUBLISHED PAPER 
A general introduction to count de Ferraris and his mapping project was omitted 
from this chapter, as was a section on the use of Cassini de Thury’s triangulation 
data since this will be elaborated on in Chapter 3. The information on mapping in 
the Enlightenment, the Cassini map of France and the Josephine Survey of the 
Habsburg Empire was expanded. 
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3. CASSINI DE THURY’S GEODETIC CONTRIBUTION 




Modified from: Vervust, S. (2016) Count de Ferraris’s Maps of the Austrian Netherlands (1770s): 
Cassini de Thury’s Geodetic Contribution. Imago Mundi: The International Journal for the History of 
Cartography, 68(2), 164-182. 
 
3.1 INTRODUCTION 
Count de Ferraris’s complete and detailed mapping of the Austrian Netherlands 
has received much scholarly attention over the years. One aspect that has 
generated considerable research interest since the nineteenth century is 
determining the extent to which the Carte de cabinet and Carte marchande are 
geometrically accurate and finding an explanation for the achieved accuracy. 
The general consensus has been that the maps suffer from distortions, 
presumably because Ferraris’s surveys were not based on a proper and 
complete triangulation. In their argumentation, researchers like Nerenburger 
(1856), Despy (1959), Arnould (1972), De Smet (1974), and Lemoine-Isabeau 
(1978, 1983, 1984) refer instead to the geodetic survey the French surveyor 
César-François Cassini de Thury had carried out in the Austrian Netherlands 
between 1746 and 1748 as the likely source of at least some of Ferraris’s 
positional information. At the time, French troops had invaded the region as the 
Bourbons and the Habsburgs were fighting on opposite sides during the War of 
the Austrian Succession (1740-1748). French military engineers had been given 
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the task of systematically surveying this newly conquered territory. To assist 
their mapping endeavours, the French minister of War sent the experienced 
surveyor Cassini de Thury to the Austrian Netherlands in April 1746. Cassini’s 
work resulted in 26 carefully measured first-order triangles covering the 
northern part of modern Belgium. This triangulation network, which was linked 
with the Paris meridian, was subsequently used by the French military engineers 
as a basis for their more detailed topographical mapping of the terrain 
(Lemoine-Isabeau 1984, pp.56-58; Pelletier 2006, pp.159-160, 2013, p.105). 
When the Treaty of Aix-la-Chapelle was signed in 1748, marking the end of the 
War of the Austrian Succession, France had to withdraw its troops from the 
Austrian Netherlands. Peace did not last long, however, and a decade later 
Europe was once more at war. This was the start of the Seven Years’ War (1756–
1763), which saw a reversal of long-standing diplomatic alliances and resulted in 
the French and the Austrians fighting on the same side. The new-found 
cooperation was still persisting when count de Ferraris embarked on his 
mapping project in 1770. He intended to take full advantage of the situation by 
drawing on the vast French cartographic knowledge of the Belgian region as 
much as he could.  
As will be demonstrated, the aforementioned scholars all suspect that Ferraris 
would have had no difficulty in obtaining Cassini’s geodetic data and that he 
subsequently used them for his own maps. Maurice Arnould and Claire 
Lemoine-Isabeau even allude to personal contact between both men. All 
researchers base their assumptions, however, on a limited number of written 
sources. In this chapter, the question will be approached through a wider 
review of the relevant archival records and by combining a reinterpretation of 
the written evidence (Section 3.3.1) with a comparative analysis of several of 
Cassini’s and Ferraris’s maps (Section 3.3.2), something not previously 
attempted.  
This study of both the written and the cartographical documents offers a more 
solidly grounded assessment of the key questions, namely: the nature of the 
connection between Cassini and Ferraris (was this direct or indirect?); the nature 
of the data transfer between the two men (what data were communicated and 
how?); and the way in which Ferraris incorporated the French triangulation into 
his own work (were the data simply copied as a whole or partly adapted?). The 
ultimate goal is determining precisely what Cassini’s contribution to Ferraris’s 
mapping project was. First and foremost, this requires a clear insight into the 
kind of data that might have been at Ferraris’s disposal. Accordingly, Section 
3.2 offers a detailed consideration of Cassini de Thury’s geodetic activities in 
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the Austrian Netherlands, examining the instruments and method he used, the 
region he covered, and the results he obtained. 
 
3.2 CASSINI DE THURY’S TRIANGLES 
César-François Cassini de Thury (1714-1784) was descended from a famous 
Italian family of scholars, who had been closely involved with the mapping 
programme of France since the seventeenth century. His grandfather, Giovanni 
Domenico Cassini, had been brought to Paris by Jean-Baptiste Colbert, Louis 
XIV’s powerful minister of state, to become the first head of the Paris 
Observatory. Giovanni Domenico’s astronomical observations proved vital for 
the improvement of the determination of longitude, resulting in a more correct 
cartographic representation of France and, by extension, the rest of the world. 
Following in his footsteps, his son Jacques Cassini and grandson César-François 
Cassini de Thury succeeded him as astronomers and geodesists and were the 
driving forces behind the first triangulation network to cover the whole of 
France, completed in 1744. This triangulation served as the geometric basis 
supporting the more detailed topographical measurements needed for the new 
Carte de France on a scale of 1:86,400 that was initiated in 1747 (Pelletier 2013, 
pp.73-81; Petto 2007, pp.5-8). A triangulated survey involves the precise 
measurement of a strategically chosen baseline between two fixed points, 
along which sightings can be taken to establish the angles of a chain of 
triangles. From these angles the length of the sides of the triangles can be 
calculated with the laws of trigonometry (Andrews 2009, pp.136-139). The 
procedure allowed for the accurate plotting of towns and cities throughout 
France in relation to each other and to astronomically-determined coordinates. 
Cassini de Thury had always wanted to extend this triangulation network to the 
rest of Europe. A first opportunity presented itself in 1746, when he was 
ordered by Louis XV to carry out geodetic measurements in the Austrian 
Netherlands, in support of the French military engineers’ mapping of the 
region. The new project enabled Cassini to link the French network of triangles 
to the triangulation network established between Alkmaar and Bergen op Zoom 
by the Dutchman Willebrord Snellius more than a century earlier. Cassini knew 
the Dutch network was lacking in accuracy, because according to him the 
instruments employed for measuring angles were far from precise and the base 
line of the network was too short. This had resulted in successive mistakes in the 
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calculation of distances between places in the Dutch Republic. By ensuring that 
a side of one of the triangles in his own network in the Austrian Netherlands 
coincided with a side of one of Snellius’s triangles, Cassini could assess the 
errors in Snellius’s distance measurements and correct them (Cassini de Thury 
1775, pp.125-126; Pelletier 2006, p.164; Pelletier 2013, pp.105-109). 
With the aim of eventually linking the two triangulation networks in mind, 
Cassini started his work in the Austrian Netherlands in April 1746. 40  Two 
quadrants were at his disposal for the measurement of angles, each mounted 
with a telescope equipped with a micrometer. The larger of the two quadrants 
had a radius of eighteen pouces 41  (approx. 48.5 cm) and was used for 
measuring the larger triangles, forming the first-order network. A slightly smaller 
instrument, with a radius of one French foot (approx. 32.5 cm), was used to 
determine the angles of the smaller second- and third-order triangles, 
incorporated within the larger ones. The baseline Cassini used for the start of 
his triangulation in the Austrian Netherlands was a baseline he had already 
measured in 1740 as part of the French triangulation network. The line 
connected Dunkerque with the Signal des Dunes further east along the coast.42 
According to Cassini, it measured 6,224 toises43 (approx. twelve kilometres). He 
now used this line as the start of an unbroken series of triangles, covering the 
northern part of the Austrian Netherlands and reaching as far north as Bergen 
op Zoom and Breda, thus achieving his goal of effectively linking the French 
triangulation network to the one Snellius had marked out. 
Because Cassini was working in the field in the wake of the war, the progress 
and extent of his triangulation were greatly influenced by the movements of the 
French troops. King Louis XV and his army had started to invade the Austrian 
Netherlands in June 1744. By February 1746, two months before Cassini’s 
arrival, they had reached Brussels and subsequently taken Antwerp, Mons and 
Charleroi during the summer months. Cassini joined the troops in Namur in 
                                                                
40 Cassini described his modus operandi in the Austrian Netherlands in an untitled report for 
the French minister of War, kept in Paris, BnF, Arsenal, MS-15216. It is discussed more 
elaborately further on in this chapter. 
41 One pouce was approximately 27 mm. 
42 It can be seen in the top left corner of Figure 3-2b and c as the slightly thicker line east of 
Dunkerque, with the word Base written next to it. 
43 One toise was approximately 1.949 m. 
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September of the same year and shortly afterwards moved with them to 
Tongeren and Liège. When winter brought fighting to a halt and the weather 
was too inclement to continue working outdoors, Cassini spent his days making 
the necessary calculations for his triangulation. In the summer of 1747, he finally 
reached Bergen op Zoom, as the French were laying siege to the city. After 
finishing his measurements in the surrounding area, Cassini left for France, 
intending to return the following year to expand the French triangulation 
network beyond the river Meuse and into Luxembourg. When spring 1748 
came, however, Cassini found he had to postpone this project in the absence of 
the French troops, by then engaged in the siege of Maastricht. He did not 
deem it wise to venture into hostile territory without their protection. Later that 
year the war ended and France had to withdraw its troops, forcing Cassini to 
abandon his plans indefinitely. As a result, the most distant points in his network 
of triangles are Bergen op Zoom and Breda in the north, Tongeren and 
Maastricht in the east and Mons, Charleroi and Namur in the south (Cassini de 
Thury 1775, pp.128-152; Arnould 1972, pp.210-211). Although Cassini’s 
movements were restricted by conditions on the ground, his writings describe 
how he still strove to choose the best vantage points in the country. The task 
was not particularly demanding, for Flanders offered an ideal landscape for 
surveying. No forests or mountains obstructed the sightlines and there were 
plenty of tall bell towers containing galleries where the instruments could be 
placed. Undoubtedly, the hillier and forested territory south of the river Meuse 
would have caused more difficulties.44 
 
The data resulting from Cassini’s geodetic measurements are preserved both in 
written and in cartographical form. Lemoine-Isabeau (1983, pp.181-183) gives a 
complete overview45, but here we specifically discuss the three sources of 
                                                                
44 Paris, BnF, Arsenal, MS-15216 (see note 40); Cassini de Thury 1775, p.130. 
45 Of all the maps showing the entire triangulation network for the Austrian Netherlands that 
are mentioned by Lemoine-Isabeau, there is only one not elaborated on in this chapter, 
namely the Carte qui comprend touts les lieux de la France qui ont étés déterminés par les 
opérations géométriques. This engraved map on a scale of 1:886,000 consists of 18 folios, 
16 of which were published in 1746-1747. The map sheet showing the Austrian Netherlands 
was however not included in this publication, since Cassini de Thury only finished his 
geodetic survey of the region in 1748. It is therefore highly unlikely Ferraris used this map 
as a source for geodetic data, which is why it is not included in this discussion. The Carte 
qui comprend touts les lieux de la France was originally intended to illustrate a book 
entitled Description géométrique de la France. However, the publication of this book was 
postponed from 1745 to 1783, at which time it was accompanied by a different map, the 
Nouvelle Carte qui comprend les principaux triangles qui servent de fondement à la 
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Cassini’s data that count de Ferraris might have had access to: first, a secret 
report written by Cassini in 1748; second, a printed map dated between 1749 
and 1770; and third, a book by Cassini published in 1775. The geodetic data 
from all three documents will also feature in the metric analysis in Section 3.3.2. 
Back in France after the declaration of peace in 1748, Cassini compiled a report 
on his activities for the French minister of War, count d’Argenson, consisting of 
five pages of manuscript text followed by sixteen maps.46 The text starts with 
particulars concerning his modus operandi, followed by a list of 46 towns with 
their geographical coordinates, that is their longitudes and latitudes in 
reference to the Paris meridian and the equator. Also mentioned are the towns’ 
projected coordinates on a Cassini projection, expressed as the distances in 
toises from each town to the Paris meridian (termed à la Méridienne), and to the 
great circle, perpendicular to the meridian, passing through the Paris 
Observatory (termed à la Perpendiculaire).  For another 32 towns, only these 
projected coordinates (that is, distances) are given, no geographical 
coordinates. The report also contains a list of the 19 first-order triangles that 
formed a single long chain across modern-day Flanders, from Nieuwpoort in the 
west to Maastricht in the east. These triangles are easily distinguishable on the 
overview map (1:432,000) included in the report as the first map (Figure 3-1), 
since they are drawn with solid lines. More triangles are present on the map, 
but these are indicated with dotted lines and Cassini specifies this means they 
are smaller, second- and third-order triangles, which served to verify the 
accuracy of the first-order ones. None of the other fifteen maps in the report - 
eleven sheets of a general map of Flanders on a scale of 1:86,400 and four 
plans of military operations - shows the triangulation network. As this report was 
created specifically for the benefit of the military high command, its contents 
were kept secret from the general public. Count de Ferraris would only have 
been able to access its geodetic data if he obtained high-level permission to do 
so. 
                                                                                                                                                         
description géométrique de le France. This map is also included in Lemoine-Isabeau’s 
overview and receives ample treatment in this chapter. 
46 Paris, BnF, Arsenal, MS-15216 (see note 40) 
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Figure 3-1. Untitled map included in Cassini de Thury’s report of 1748 for minister 
d’Argenson. 
The map shows an overview of Cassini’s triangulation network in the Austrian Netherlands. 
Solid lines are used to indicate the large, first-order triangles; dotted lines are used for the 
smaller triangles. 1:432,000, 37x58 cm. Paris, BnF, Arsenal, MS-15216, first map in the 
volume. 
The first time any aspect of Cassini’s triangulation data for the Austrian 
Netherlands was made available to a wider audience was through their insertion 
in the engraved Nouvelle Carte qui comprend les principaux triangles qui 
servent de fondement à la description géométrique de la France (hereafter 
Nouvelle Carte). This large map on a scale of 1:1,772,000 shows the 
triangulation network for the whole of France created by Jacques Cassini and 
César-François Cassini de Thury (Figure 3-2a) (Pelletier 2013, pp.102-105). The 
map is on record as having been presented to the French Académie des 
Sciences in 1745, but the original plate was retouched several times afterwards 
with, among other things, the insertion of the date ‘1744’ and the inclusion of 
the triangulation network of the Austrian Netherlands (Figure 3-2b and c). When 
exactly these triangles were added to the map is unknown, but it can only have 
happened after Cassini had finished his work in the region in 1748. 
Furthermore, Arnould (1972, pp.212-213, note 12) has shown that the version of 
Cassini’s Nouvelle Carte that includes the triangles in the Austrian Netherlands 
must have been available when count de Ferraris started his mapping project in 
August 1770, seeing how the Nouvelle Carte’s engraver, Guillaume Dheulland, 
died around 1770 and the retouches are by his hand. Graduated bars 
Chapter 3 
56 | 
(indicating longitude and latitude), and a grid (indicating projected coordinates 
as distances in toises from the Paris meridian and from its perpendicular), allow 
the reader to determine the position of any place on the map. In addition, to 
the left and the right sides of the map an alphabetical table is shown with the 
geographical coordinates of 440 towns on the map. For the Austrian 
Netherlands, Diksmuide, Veurne, Nieuwpoort, Oostende, Tournai and Ieper are 
listed. When the triangles on the Nouvelle Carte are compared with those 
present on the manuscript summary map in Cassini’s Report of 1748, it is 
obvious that the triangles north of Ghent along the border with Zeeland are 
missing. The reason for their absence is probably purely practical: they could 
not be added to the copperplate of the otherwise completed map because 
there was no room for them within even the outer frame of the map; as it is, the 




Figure 3-2a. Cassini’s Nouvelle Carte qui comprend les principaux triangles qui servent de 
fondement à la description géométrique de la France. 
1:1,772,000, 59x91 cm. Paris, BnF, Cartes et Plans, GE DD-2987 (782B). 
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Figure 3-2b. Detail of the version of Cassini’s Nouvelle Carte shown in Figure 3-2a, that 
includes the triangulation network in the Austrian Netherlands. 
Although the map shows the triangulation network in the Austrian Netherlands, it omits the 
triangles Cassini determined north of Ghent. Geographical coordinates in this detail are 
indicated eastwards from the Paris meridian by the graduated bar in the top margin (0 to 3 
degrees) and projected coordinates by the gridlines (0 / 20,000 / 60,000/ 100,000 toises 
east for the longitudinal projected coordinates; 87,500 / 112,500 / 120,000 toises north for 
the latitudinal projected coordinates). The gridlines also denote the map sheet arrangement 
of the Carte de France. Along the coastline, to the right of the Paris meridian, is the 
baseline, labelled Base, from Dunkirk to Signal des Dunes that Cassini had measured in 
1740. Paris, BnF, Cartes et Plans, GE DD-2987 (782B). 
 
Figure 3-2c. Detail of an older version of Cassini’s Nouvelle Carte, not yet including the 
triangulation network in the Austrian Netherlands. 
This older version of the map depicted only a limited number of gridlines, notably the Paris 
meridian and one horizontal line every 60,000 toises to indicate the latitudinal projected 
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coordinates. The one shown here is situated 120,000 toises north of the great circle, 
perpendicular to the meridian, passing through the Paris Observatory. 1:1,772,000, 59x91 
cm. Paris, BnF Cartes et Plans, GE BB-565 (A7,10). 
Cassini kept on perfecting his geodetic data and when, some thirty years later, 
in 1775 he published a written account of his work in the last chapter of his 
book Relation d’un voyage en Allemagne (…) suivie de la Description des 
Conquêtes de Louis XV depuis 1745 jusqu’en 1748, some of the data differed 
from that given in the 1748 Report (Cassini de Thury 1775, pp.123-194). The 
chapter opens with the story of his travels in the Austrian Netherlands. Then 
come 40 pages of tables, the sheer length of which indicates that the data 
included here is much more elaborate than that in the Report. The same 46 
towns are listed, with their respective geographical coordinates (longitudes and 
latitudes) and projected coordinates (distances), although for a fifth of the 
places the values are slightly different. The total number of towns for which only 
distances are given has been increased from 32 to 83, and the number of first-
order triangles (now 26 rather than 19) is also larger, an increase explained by 
the fact that some of the triangles originally marked with dotted lines on the 
summary map in the 1748 Report have been upgraded to first-order status. The 
greater part of the tables is comprised by the list of 564 lower-order triangles, 
for which only angles are provided. The Relation also contains a new general 
map presenting an overview of the whole triangulation network for the Austrian 
Netherlands (Figure 3-3). Its title is Carte des pays conquis par le Roy en 1744, 
1745 et 1746, levée géométriquement par Mr Cassini de Thury. The map 
contains more details than its 1748 counterpart in the Report. Furthermore, it 
also includes the northern triangles that were missing from the Nouvelle Carte. 
Although the Relation is thus a treasury of geodetic information on the Austrian 
Netherlands, the book’s date of publication (1775) meant it would not have 
been much use to count de Ferraris. Surveying for his maps commenced 
immediately after the final approval of the mapping project by Empress Maria 
Theresa in August 1770. By December 1774 the artillerymen had practically 
finished their surveys. If de Ferraris made use of the book’s geodetic data for his 
maps, he would have had to obtain the data earlier by different means. 
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Figure 3-3. Map included in Cassini’s book Relation d’un voyage en Allemagne (1775). 
The map’s title is Carte des pays conquis par le Roy en 1744, 1745 et 1746, levee 
géométriquement par Mr Cassini de Thury. It measures 38 × 52 cm and shows the whole 
extent of Cassini’s triangulation network in the Austrian Netherlands. 
 
3.3 THE FERRARIS – CASSINI CONNECTION 
3.3.1 EVIDENCE FROM WRITTEN RECORDS 
At issue in the existing literature is what could have prompted count de Ferraris 
to make use of Cassini de Thury’s geodetic data for his own mapping of the 
Austrian Netherlands; how he could have obtained the data and in what form; 
and the extent to which he incorporated the data into his own maps. Of the 
aforementioned authors who have looked into the Ferraris-Cassini connection, 
Claire Lemoine-Isabeau is the only one to enlarge on the matter in any detail. 
The other scholars (Nerenburger, Despy, Arnould and De Smet) restrict 
themselves to general statements, based on a more limited range of primary 
evidence. This section presents a chronological review of the relevant archival 
documents, noting how these have hitherto been interpreted by the forenamed 
authors if these documents are mentioned in their studies. 
In 1769, count de Ferraris submitted his project proposal for the mapping of the 
Austrian Netherlands to the Habsburg court. Although the text does not 
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mention Cassini de Thury’s geodetic data explicitly, it offers an important 
insight into count de Ferraris’s motives for wanting to establish a connection 
with the French geodesist. Ferraris’s project proposal makes it clear that he was 
promoting his Carte marchande as an extension of Cassini’s Carte de France 
(1756-1815) in a clear bid to boost sales. Ferraris explained how his map would 
be made following the same principles as the successful Carte de France by the 
famous academic Cassini, would be on the same scale, and would have a similar 
arrangement of the map sheets.47 The same points were repeated when the 
Carte marchande was finished and ready to be sold, both in its prospectus and 
in the explanatory text on the first map sheet.48 Selling as many copies of his 
map as possible was of crucial importance to count de Ferraris since he had 
asked the Habsburg government for only a modest financial contribution and 
was planning to cover the remainder of the mapping project’s expenses from 
sales income. Fearing a shortfall, which would mean an increase in his personal 
debts, de Ferraris was looking for ways to stimulate sales. A link with the new 
                                                                
47 See Memoir of Ferraris to governor Charles de Lorraine, 1769 : « un projet pour lever une 
carte générale de tous les Pays-Bas autrichiens, à l’instar de la nouvelle carte de France. … 
l’on formeroit … une carte marchande, qui, … devenant une suite de la nouvelle carte de 
France, seroit indubitablement recherchée par tous les curieux qui se sont déjà procuré 
cette dernière, et qui naturellement désireront s’en procurer la suite … Cette carte 
marchande … seroit une description géométrique formée sur le même plan et sur les 
mêmes principes que celle de France ». (Brussels, AGR, SEG 2273, f.49-52) (reproduced in 
Gachard 1843, Pièce justificative II). 
Similarly, in one of the appendices to this project proposal, entitled Prospectus d’une carte 
ou description géométrique des Pays-Bas autrichiens, we read: « Cette carte … sera une 
suite de celle que Mr Cassini, Camus et Montigny continuent aujourd’hui avec tant de 
succès en France et sera liée par les mêmes opérations. Il eut été difficile de trouver de plus 
grands et de plus beaux modèles, que ces célèbres académiciens ont donné en ce genre, 
aussi se propose-t-on de suivre exactement leurs principes dans la confection de la carte 
susde, … ». (Brussels, AGR, SEG 2273, f.57). 
48 The Carte marchande’s prospectus has been reproduced in Hennequin (1891, 
doc.photolith. n°VI). It states: « En général on s’est scrupuleusement attaché aux principes 
que ce célèbre académicien [Mr de Cassini] a établis pour former la Nouvelle Carte de 
France, dont celle des Pays-Bas est exactement la suite. »  
Similarly, in the Explication on the Carte marchande’s first map sheet we read: « Cette carte 
étant une suite de la Carte de France et celle-ci ayant servi de base à sa direction, il a fallu 
conséquemment lui donner la même échelle … Cet ouvrage est composé de 25 feuilles, 
dont 15 de grandeur égale ont les mêmes dimensions que celle de la Carte de France … ». 
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Carte de France and its initiator, the renowned Cassini, would be the perfect 
advertisement for Ferraris’s Carte marchande.49 
Other possible motives for wanting to use Cassini’s triangulation, such as 
speeding up his mapping project or improving the accuracy of his maps, do not 
seem to have influenced Ferraris. To reduce the amount of work on his maps, 
he suggested in his project proposal to ask the French government for copies 
of the maps the French ingénieurs-géographes had made of the Austrian 
Netherlands during the War of the Austrian Succession and the Seven Years’ 
War. Once verified in the field, these maps would be used to pin-point the 
positions of the country’s most important localities so that triangles could be 
created between these fixed points. All that would then remain to be done 
would be to fill in those triangles with local topographical detail.50 Ferraris’s 
intended working method would, of course, have inevitably led back to 
Cassini’s geodetic measurements, since the French maps created during the 
War of the Austrian Succession were based on the latter’s triangulation network. 
However, Ferraris’s project proposal never mentions Cassini’s data explicitly in 
this respect, nor did Ferraris seem to think the data could aid in improving the 
accuracy of his own maps. In his project proposal he appeared wary of the 
meridians and other lines indicating longitudes and latitudes on Cassini’s Carte 
de France, even though this map was also based on Cassini’s triangulation. 
Ferraris intended to extend these lines onto his Carte marchande, except if their 
directions were proven false. He did not expect faults in the geodetic 
measurements made by the astronomers of the Paris Observatory, but he did 
think the direction of some lines might have been incorrectly plotted because 
the draughtsmen or engravers were not paying sufficient attention.51 
                                                                
49 This idea was also put forward by Lemoine-Isabeau (1984, p.67). 
50 Memoir of Ferraris to governor Charles de Lorraine, 1769:  « Un ouvrage aussi étendu que 
celui-ci demanderoit un travail de plusieurs années: mais il y auroit un moyen sûr de 
l’abréger, si l’on pouvoit obtenir la permission de la cour de France, de faire copier, dans le 
dépôt de la guerre à Versailles, toutes les cartes et les plans que ses ingénieurs géographes 
ont levés pendant la penultième et la dernière guerre, dans les Pays-Bas autrichiens. Ces 
cartes, après qu’on les auroit examinées et vérifiées sur les lieux mêmes, pourroient servir à 
établir les points des objets principaux, et à former des triangles, dont le total feroit la 
surface des Pays-Bas susdits : il n’y auroit donc plus qu’à remplir ces triangles de parties de 
détail, qui se trouveroient sur le terrain dans leurs places relatives.» (Brussels, AGR, SEG 
2273, f.49-52) (reproduced in Gachard 1843, Pièce justificative II). 
51 Appendix of Ferraris’s project proposal, entitled Moyens pour lever à peu de frais une 
carte générale des Pays-Bas autrichiens: « les méridiennes de la nouvelle carte de France, 
de même que les différentes lignes qui y désignent les longitudes et les latitudes, seront 
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The references in Ferraris’s project proposal to copies of French maps from 
previous wars and the possibility of errors having been introduced in the Carte 
de France by draughtsmen and engravers seem to imply Ferraris was planning 
to consult maps based on Cassini’s geodetic data, rather than accessing 
Cassini’s geodetic tables directly. The earliest known document in which count 
de Ferraris refers specifically to the French geodetic data is a letter from 
September 1770. By this time, Ferraris had presented his proposal to map the 
Austrian Netherlands to Empress Maria Theresa and approval had been granted 
in August 1770. Then, in September, Ferraris addressed a petition to the 
governor of the Austrian Netherlands, Charles de Lorraine, asking him to 
request the French court for assistance. He wanted the French to send him not 
only copies of their maps of the Austrian Netherlands, as mentioned in his 
project proposal, but also additional material: the éclaircissements relating to 
the execution of the Carte de France; a metal plate measuring exactly one 
French foot so he could duplicate their measurements exactly; and a list giving 
‘the location of the country’s main cities according to the astronomical and 
geometrical calculations of the Paris Academy’.52  
The letter initiated an elaborate correspondence between the French and 
Austro-Dutch authorities, testifying that obtaining the French data was a difficult 
and slow bureaucratic process, involving several stages. Ferraris’s request was 
first passed on to Florimond de Mercy Argenteau, the Austrian ambassador in 
Paris, who suggested that he would turn to Cassini for all matters related to the 
Carte de France and for the foot measure. But the ambassador also saw fit to 
consult the duke de Choiseul, who was at the time the French Minister of 
Foreign Affairs and War, for the copies of French maps and details about the 
location of towns.53 Although it was Cassini who had calculated these positions, 
ambassador Mercy Argenteau apparently did not believe the geodesist had the 
                                                                                                                                                         
prolongées sur la nouvelle carte des Pays-Bas, sauf qu’elles seront redressées, en cas que 
l’on s’aperçoive, par les opérations que l’on fera faire à ce sujet par de bons astronomes, 
qu’elles n’eussent pas leurs justes directions, faute d’attention de la part des dessinateurs 
ou des graveurs, qui se seroient tant soit peu éloignés des points indiqués par les 
astronomes de l’observatoire de Paris.» (Brussels, AGR, SEG 2273, f.53-56, article 10) 
(reproduced in Gachard 1843, Pièce justificative III). 
52 Ferraris to Charles de Lorraine, 22 September 1770: « De plus la situation qu’ont entre 
elles les principales villes de ce pays, selon les calculs astronomiques et géométriques de 
Mrs de l’Académie de Paris. » (Brussels, AGR, SEG 2273, f.72-73). 
53 Ambassador Mercy Argenteau to minister plenipotentiary Starhemberg, 20 October 1770 
(Vienna, OESTA, HHStA, LA/ XVIII Belgien/ DD-A/ Korrespondenz Frankreich/ Fasz.9, 44).  
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authority to communicate them to a third party. A month later, in November 
1770, Louis XV approved Ferraris’s request for help.54 This resulted in a letter 
from minister Choiseul to ambassador Mercy Argenteau in December, stating 
how the Dépôt de la Guerre in Versailles held numerous maps that might be of 
interest to Ferraris. Choiseul suggested an intelligent engineer be sent to the 
Dépôt to select the maps that needed to be copied, adding that this person 
would be assisted in every way regarding the astronomical observations and 
calculations.55 In turn, ambassador Mercy Argenteau encouraged Ferraris to 
accept Choiseul’s proposal, saying how the person sent to Paris could use the 
opportunity to not only choose the necessary maps in the Dépôt, but also to 
ask the people in charge of the Carte de France for advice.56 Ultimately, it was 
Ferraris himself who travelled to the French capital a year later, his trip having 
been postponed several times because minister Choiseul had fallen out of 
favour and had been succeeded by a new minister for Foreign Affairs and a new 
minister for War (Lemoine-Isabeau 1983, pp.248-249). 
All the correspondence cited above seems to imply that while Cassini was to be 
approached for his expertise regarding the Carte de France, the acquisition of 
maps and geodetic measurements from the French was handled by the 
ministries for Foreign Affairs and War. Claire Lemoine-Isabeau (1983, pp.246-
248) quotes several of these documents while elaborating on Ferraris’s quest to 
obtain copies of the French maps, but nevertheless remains convinced that 
Cassini and Ferraris were in direct communication. 57  If any personal data 
exchange between both men did occur, Ferraris’s visit to Paris would have 
offered an ideal opportunity for such a transfer. He was in the city from 18 
September to the beginning of October 1771. According to Lemoine-Isabeau 
(1978, p.41; 1983, pp.249 & 255) he met Cassini during this visit and the 
Frenchman generously presented him with the data he would later publish in 
                                                                
54 Minister Choiseul to ambassador Mercy Argenteau, 18 November 1770 (Vienna, OESTA, 
HHStA, LA/ XVIII Belgien / DD-A/ Korrespondenz Frankreich/ Fasz.28, 149).  
55 Minister Choiseul to ambassador Mercy Argenteau, 17 December 1770 (Paris, MAE, CP, 
Pays-Bas autrichiens/ 168, f.176).  
56 Ambassador Mercy Argenteau to minister plenipotentiary Starhemberg, 21 December 
1770 (Vienna, OESTA, HHStA, LA/ XVIII Belgien / DD-A/ Korrespondenz Frankreich/ Fasz.9, 
44). 
57 The documents she refers to are Ferraris’s request for French help (see note 52), Louis 




his book Relation d’un voyage en Allemagne. However, none of the sources she 
refers to in support of this claim actually note any contacts of this nature. 
Further researches in the archives of the Académie des Sciences in Paris and of 
the Paris Observatory have also failed to produce any such evidence. During his 
time in Paris, Ferraris wrote to the minister plenipotentiary of the Austrian 
Netherlands, Georges-Adam de Starhemberg, to inform him about his activities 
in France.58 In his letter, he talked about a meeting he had had with the new 
minister of Foreign Affairs, the duke d’Aiguillon, and the new minister of War, 
the marquis de Monteynard. Both had promised to help him obtain the copies 
of the French maps he so desperately wanted, but matters were not 
progressing as quickly as Ferraris would have liked. There is no mention 
whatsoever of the Académie des Sciences, Cassini or his data. Even when 
Ferraris visited Paris for a second time in December of the same year, all the 
documents relating to his trip are silent about a possible meeting with Cassini. 
The idea that Ferraris received any data from the Frenchman while visiting Paris 
is further challenged by two very interesting documents created by de Ferraris 
and his team in the autumn of 1772. They offer insight into the modus operandi 
and progress of the mapping project up until that moment. The first is a 
manuscript map entitled Tableau qui sert à diriger les opérations qu’on exécute 
dans la formation de la nouvelle carte des Pays-Bas autrichiens, qui sera une 
suite de la nouvelle carte de France, dressée d’après les observations et les 
calculs des astronomes de Paris  (hereafter Tableau) (Figure 3-4a and b).59 The 
schematic map shows the planned map sheet arrangement of Ferraris’s Carte 
marchande (the large rectangles oriented north, with Roman numerals in the 
centre), his Carte de cabinet (the small rectangles oriented north), and the plane 
table sheets used for the survey (the small squares tilted to the west). The map 
indicates which parts of the Austrian Netherlands had already been surveyed by 
the autumn of 1772 by colouring in and numbering the finished plane table 
sheets. The Tableau also gives the distances in toises to the Paris meridian and 
its perpendicular for the four vertices of sheet I of the Carte marchande, making 
                                                                
58 Ferraris to minister plenipotentiary Starhemberg, 3 October 1771 (Brussels, AGR, SEG 
2273, f.129-130). 
59 Tableau qui sert à diriger les opérations qu’on exécute dans la formation de la nouvelle 
carte des Pays-Bas autrichiens, qui sera une suite de la nouvelle carte de France, dressée 
d’après les observations et les calculs des astronomes de Paris (Paris, AN, C & Pl, N III Pays-
Bas/4/1). 
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it possible to deduce these projected coordinates for all other vertices of the 
grid. Only a limited number of towns are represented on the map, some of 
which are connected with triangles. The similarity between the towns, triangles 
and the grid of distances in toises on Ferraris’s Tableau with those on Cassini’s 
Nouvelle Carte is immediately apparent. Particularly striking is how Ferraris’s 
Tableau does not show any triangles north of Ghent either. 
 
 
Figure 3-4a. Ferraris’s Tableau qui sert à diriger les opérations qu’on exécute dans la 
formation de la nouvelle carte des Pays-Bas autrichiens, qui sera une suite de la nouvelle 
carte de France, dressée d’après les observations et les calculs des astronomes de Paris. 
About 1:400,000, 88x64.5 cm. Paris, AN, C & Pl, N III Pays-Bas/4/1. 
 
(See next page) 
Figure 3-4b. Detail of Ferraris’s Tableau, zoomed in on the triangulation network. 
The three types of rectangles (large with roman numerals; small; laid out at an angle and 
occasionally tinted) indicate the individual sheets of Ferraris’s Carte marchande, Carte de 
cabinet and his surveyors’ plane table sheets respectively. The plane table sheets 
represented in pink and yellow had already been surveyed by the autumn of 1772. Note the 
similarities with the triangulation network indicated on Cassini’s Nouvelle Carte. Paris, AN, 
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Presumption of a link between the two maps is corroborated by the second 
document, the report that accompanies Ferraris’s Tableau60. It provides a 
wealth of information on the methods of the artillerymen working on Ferraris’s 
mapping project, and confirms that the projected coordinates of the towns 
shown on Ferraris’s Tableau had indeed been determined by French 
astronomers, and more specifically by Cassini himself. Furthermore, the text 
states that these geodetic points were being used right from the start of 
Ferraris’s mapping operations61, which is August 1770. The Nouvelle Carte was 
the only source of Cassini’s geodetic data available at the time to count de 
Ferraris. Even allowing for the possibility that Cassini or minister Choiseul might 
have communicated Cassini’s calculations to Ferraris, any such transfer could 
only have happened after December 1770, when the minister was still referring 
to them in a way that shows Ferraris did not yet have the data.62 Lemoine-
Isabeau’s suggestion that Ferraris acquired Cassini’s data only much later, while 
visiting Paris in September 1771, is clearly not supported by this statement in 
the report.  
Further on in the text, the report also describes how the artillerists performed 
their surveys and how the content of the first completed plane table sheets was 
transferred ‘onto sheet I of the Carte marchande, on which the points surveyed 
by the French had been placed in advance, according to the latitude and 
longitude they had been given on the carte des triangles, a map based on the 
observations and calculations of their astronomers’.63 It seems only logical to 
suppose that the ‘carte des triangles’ in question was Cassini’s Nouvelle Carte.  
                                                                
60 Explication du Tableau qui sert à diriger les opérations qu’on exécute dans la formation 
de la nouvelle carte des Pays-Bas autrichiens, qui sera une suite de la nouvelle carte de 
France, dressée d’après les observations et les calculs des astronomes de Paris. (Paris, AN, 
C & Pl, N III Pays-Bas/4/2). This report is reproduced in its entirety in Lemoine-Isabeau 
(1978). 
61 Explication (see note 60): « Les points dispersés sur ce tableau sont du nombre de ceux 
que les Astronomes Français ont établis d’après leurs observations et leurs calculs, et qu’ils 
ont encore fait vérifier trigonométriquement. Ces points nous ont servi dès le 
commencement de nos opérations et nous servent encore pour la direction de nos 
alignements. Monsieur de Cassini … est un des Accadémiciens de Paris qui a déterminé 
l’assiette de la plus grande partie de ces points. » (Paris, AN, C & Pl, N III Pays-Bas/4/2, f. 
3vo – 4). 
62 See note 55. 
63 Explication (see note 60): « … sur la feuille marchande n°I où les points levés par les 
Français avaient été placés d’avance, selon la latitude et longitude qu’ils leurs avaient 
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In a final revealing passage in the report, Ferraris talks about how these French 
geodetic points did not suffice to continue operations in the northern and 
eastern parts of the country. Therefore, in April 1772, he had sent two artillerists 
to make additional traverse surveys to complement the French triangulation. 
This happened along the southern border of the Dutch Republic, along the 
rivers Meuse and Sambre, across the counties of Hainaut and Namur, and along 
the border of the Duchy of Luxemburg.64 This statement by Ferraris gives the 
impression that Cassini had not taken any geodetic measurements in the 
northern part of the Austrian Netherlands, whereas, as pointed out above, it 
was only the lack of space that prevented the triangles Cassini had determined 
along the border with Zeeland from being shown on his Nouvelle Carte. Had 
Cassini provided Ferraris with his triangulation data while the latter was in Paris 
in the autumn of 1771, it would have been most odd for him to have withheld 
what he had for the northern part of the territory, thereby obliging Ferraris to 
carry out a series of new traverse surveys a few months later. It is far more likely 
that Ferraris took the necessary information from Cassini’s Nouvelle Carte. 
Only Lemoine-Isabeau was able to benefit from the information in the Tableau 
and its accompanying report, since she discovered them in the Archives 
nationales in Paris, and published a paper on them in 1978. All other authors 
discussing the possibility of a direct link between Cassini and Ferraris wrote 
prior to this discovery so could not take it into account in their study. Even so, 
Lemoine-Isabeau is the only one insisting so firmly on an exchange of geodetic 
data between both men through personal contact in Paris. In her paper of 1978 
(p.41), she stated that Cassini passed on to Ferraris a larger number of town 
locations than the ones indicated on the latter’s Tableau. In her PhD 
dissertation of 1983 (pp.255-256) she did not dismiss her original idea, but only 
modified it slightly, saying that Ferraris did not use Cassini’s triangles bordering 
the Dutch Republic or maybe never had their data in his possession. 
The evidence from the Tableau and the accompanying report seems to suggest 
that Ferraris was never given Cassini’s geodetic calculations, just like he never 
received the copies of the French maps he had specifically requested. A small 
                                                                                                                                                         
assignés sur la carte des triangles, formée d’après les observations et le calcul de leurs 
astronomes. » (Paris, AN, C & Pl, N III Pays-Bas/4/2, f. 4vo – 5). 
64 Explication (see note 60) (Paris, AN, C & Pl, N III Pays-Bas/4/2, f. 6vo). The traverse surveys 
are shown on the Tableau as two sequences of line segments: one connecting towns along 
the border of the Austrian Netherlands with the Dutch Republic and along the rivers 
Sambre and Meuse (the red sequence), and one connecting towns along the border of the 
Duchy of Luxemburg in the south of the country (the black sequence). 
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package of copies did arrive in Brussels in February 1773, but all the maps in it 
covered territory that by that time had already been surveyed by Ferraris’s 
troops. What Ferraris had been hoping to receive were the maps of the 
counties of Limburg and Luxemburg that the French had created during the 
Seven Years’ War, but none of these was included in the dispatch.65 After 
further diplomatic exchanges between Brussels and Paris, in August 1773 the 
director of the Dépôt de la Guerre in Versailles, count de Vault, eventually 
informed ambassador Mercy Argenteau that, contrary to what Ferraris had been 
led to believe, those particular maps were not to be found in the Dépôt. Count 
de Vault (incorrectly) suspected that it had not been the military engineers who 
had mapped Limburg and Luxemburg, but engineers surveying for Cassini’s 
Carte de France, and their work was not kept at Versailles.66 When Ferraris 
learned of this, he did not suggest contacting Cassini personally to check the 
validity of count de Vault’s claim or to ask him for assistance, which seems 
strange if the two men were in direct communication with each other. Instead, 
Ferraris simply resigned himself to the situation, saying that since the Carte de 
France did not include the provinces of Limburg or Luxemburg, he could not 
take advantage of the work of Cassini’s engineers.67  
Up to this point all the documents referred to indicate that Ferraris’s request for 
Cassini’s geodetic data was passing through official channels, that it was taking 
a long time for the request to be granted, and that, meanwhile, Ferraris was 
having to manage with the best source available for Cassini’s data, that is, the 
Nouvelle Carte, without having access to any of Cassini’s original data in the 
form of lists of towns with their coordinates. Although all aforementioned 
documents would give the impression Ferraris might have never received any 
data from Cassini, Cassini’s own words reveal the opposite situation. In the 
introduction to his book Relation d’un voyage en Allemagne he recounts ‘how 
                                                                
65 Ferraris to ambassador Mercy Argenteau and director de Vault of the Dépôt de la Guerre, 
17 February 1773 (Vienna, OESTA, HHStA, LA/ XVIII Belgien/ DD-A/ Korrespondenz 
Frankreich/ Fasz.29, 156).  
66 Ambassador Mercy Argenteau to minister plenipotentiary Starhemberg, 14 August 1773 
(Vienna, OESTA, HHStA, LA/ XVIII Belgien/ DD-A/ Korrespondenz Frankreich/ Fasz.9, 46). 
67  Ferraris to minister plenipotentiary Starhemberg, 16 October 1773: « Il est donc 
vraisemblable, comme l’allègue Mr le Général Comte de Vaux que c’étoient quelques 
Ingénieurs de Mr de Cassini qui ont eu la permission d’opérer dans les provinces 
mentionnées, et que leurs opérations n’ont été relatives qu’à la Carte générale de France, 
mais qui ne contentant rien de ces deux provinces, je ne puis tirer aucun parti des 
opérations des dits Ingénieurs. » (Brussels, AGR, SEG 2273, f.157). 
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he was able to determine a large number of points in the Netherlands and 
along the border with France, which the engineers could then use for their 
detailed maps. He communicated these points every time the minister of War 
demanded it and saw with admiration how they were used for [Ferraris’s] Cartes 
des Pays-bas, which in their accuracy and depiction of the land surpass every 
other map of the same genre that has appeared.’68  This excerpt confirms the 
important role played by the minister of War in determining who was permitted 
access to Cassini’s data, and indicates a transfer of the data to count de 
Ferraris. Furthermore, it also implies some sort of communication between the 
two men afterwards, for how else could Cassini have seen the maps as they 
were being prepared? Cassini’s book was published in 1775, but Ferraris’s 
Carte marchande was not on sale until three years later, in April 1778. Cassini’s 
words had resonance with all five authors whose studies are examined in this 
chapter, but the quotation has been interpreted in several different ways. For 
Nerenburger (1856, p.438), Despy (1959, p.282) and De Smet (1974, pp.349-
350) Cassini’s words are proof that Ferraris used Cassini’s triangulation. For 
Arnould (1972, p.213), they demonstrate that Cassini was one of the first to be 
informed of Ferraris’s project. He suspects the two gentlemen might have been 
in contact and if this were the case, they must have maintained cordial relations 
with each other. For Lemoine-Isabeau (1983, pp.255-256) they indicate that 
Cassini, who was rightly proud of his scientific generosity, must have already 
seen proofs of the Carte marchande in 1775. 
On his side, Ferraris mentions Cassini and his Nouvelle Carte several times in 
connection with his Carte marchande. The prospectus promoting the latter 
specifies that ‘this map … is based on the triangulation chain laid down by M. 
de Cassini on his Carte des triangles, in accordance with the result of the 
astronomical and geometrical operations that were extended to the interior of 
the Austrian Netherlands’.69 Then there is the statement on the Carte générale 
                                                                
68 Cassini de Thury (1775) Discours préliminaire, p.X: « ayant parcouru tous les Pays-bas et 
les frontières de la France, j’ai été en état de fixer un grand nombre de points, dont les 
Ingénieurs chargés du détail devoient faire usage pour les Cartes particulières. Je les ai 
communiquées toutes les fois que le Ministre de la guerre l’a exigé et j’ai vu avec 
admiration l’usage que l’on en a fait pour les Cartes des Pays-bas, qui par l’exactitude et la 
représentation du pays, surpassent tout ce qui a paru en ce genre.»  
69 Prospectus of the Carte marchande: « Cette carte (…) a pour base la chaîne d’alignement 
que Mr de Cassini a fait déterminer sur sa carte des triangles, selon le résultat des 
opérations astronomiques et géométriques, prolongées jusques dans l’intérieur de la 
domination autrichienne aux Pays-Bas. » (reproduced in Hennequin (1891, doc.photolith. 
n°VI)). 
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qui comprend la situation des principaux objets qui ont servi de fondement à la 
description géométrique des Provinces Autrichiennes dans les Pays-Bas y 
compris les Principautés de Liège et de Stavelo (hereafter Carte générale) 
(1:432,000), the map included in the Carte marchande as the 22nd map sheet, 
which gives a summary of the entire territory surveyed by Ferraris’s artillerists 
(Figure 3-5a and b). The Avertissement accompanying this Carte générale 
announces that the Carte marchande was established ‘according to the 
Astronomical Tables of Mr de Cassini and following his Carte Générale des 
Triangles, on which the geometrical map of France is based’.70 Furthermore, the 
text informs the reader that ‘to make it easy for the general user to find the 
longitude and latitude of any place on this map, we have marked around the 
frame the same degrees as those on the Carte Générale des Triangles de 
France’. 71  Arnould (1972, pp.212-213) and De Smet (1974, pp.354-355) 
interpret the above statements as proof that Ferraris used Cassini’s Nouvelle 
Carte instead of establishing a triangulation network of his own.  
So just as the report accompanying the Tableau, the texts related to the Carte 
marchande emphasize the important role Cassini’s Nouvelle Carte apparently 
played in Ferraris’s mapping project. However, it might not have been Ferraris’s 
only source of information, since Cassini’s book of 1775 suggests Ferraris had 
received some geodetic data from Cassini in response to an official request to 
the French government. Exactly when this data transfer happened, which data 
were communicated and how Ferraris incorporated them in his maps cannot be 
decisively answered by consulting written archival documents alone, as testified 
by the very general statements previous research on the subject has been 
confined to. To confront these unresolved issues a new approach is needed, 
based on an examination and comparison of Cassini’s and Ferraris’s 
geographical coordinates (longitudes and latitudes) and projected coordinates 
(distances), as obtained from Cassini’s lists and deduced from Cassini’s and 
Ferraris’s maps. This has never been attempted before in any previous study, all 
                                                                
70 Avertissement on map sheet 22 of the Carte marchande showing the Carte générale: 
« d’après les Tables Astronomiques de Mr de Cassini, et suivant sa Carte Générale des 
Triangles qui a servi de fondement à la description géométrique de la France » (Brussels, 
KBR, Kaarten en Plans, XIII B Belgique gén. – 1777 – Ferraris – IV 10.258/22). 
71 Avertissement on map sheet 22 of the Carte marchande showing the Carte générale: 
« Pour procurer au public la facilité de trouver les longitudes et latitudes d’un lieu 
quelconque de cette Carte, on y a tracé hors du contour du cadre, les degrés 
conformement à ceux de la Carte Générale des Triangles de France. » (Brussels, KBR, 
Kaarten en Plans, XIII B Belgique gén. – 1777 – Ferraris – IV 10.258/22). 
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of which fall short in terms of empirical evidence to support their hypotheses. 
The new approach and its results are expounded in the following section. 
 
 
Figure 3-5a. Ferraris’s Carte générale qui comprend la situation des principaux objets qui ont 
servi de fondement à la description géométrique des Provinces Autrichiennes dans les Pays-
Bas y compris les Principautés de Liège et de Stavelo (1777). 
This is map sheet 22 of Ferraris’s Carte marchande. 1:432,000, 56x88.5 cm. Brussels, KBR, 
Kaarten en Plans, XIII B Belgique gén. – 1777 – Ferraris – IV 10.258/22. 
 
(See next page) 
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Figure 3-5b. Detail of Ferraris’s Carte générale. 
The Paris meridian runs along the left edge of the map. Just like on Cassini’s Nouvelle 
Carte, geographical coordinates are indicated by graduated markings along the margins 
(but they are more detailed here than on the French map), while projected coordinates are 
indicated by the gridlines. Furthermore, the gridlines also denote the map sheet 
arrangement of the Carte marchande, which is an extension of that of the Carte de France. 
Brussels, KBR, Kaarten en Plans, XIII B Belgique gén. – 1777 – Ferraris – IV 10.258/22. 
 
3.3.2 EVIDENCE FROM MAP ANALYSIS 
To allow a better assessment of Cassini’s contribution to Ferraris’s mapping 
project, we turn to the maps themselves to see what an analysis of their 
geodetic structure reveals. The map analysis is comprised of two main parts: 
first, the geographical coordinates are studied, then the projected coordinates. 
Geographical coordinates are expressed as longitudes relative to the Paris 
meridian and latitudes relative to the equator. The base surface used by Cassini 
is the sphere of Jean Picard, with a radius of 6,372,056 meter (Timár et al. 
2014). Projected coordinates in the 18th century Cassini projection are 
expressed as the distances in toises relative to the Paris meridian (x-coordinates 
or longitudinal distances) and to the great circle perpendicular to the meridian, 
intersecting it in the Paris Observatory (y-coordinates or latitudinal distances), 
which thus serves as the point of origin. The Cassini projection is a transverse 
cylindrical projection, with the Paris meridian as its line of tangency. The 
projection is neither equal area nor conformal, but has a compromise of both 
features. Scale is true along the central meridian and all lines perpendicular to 
it, and constant but not true along all lines parallel to the central meridian (it 
gradually increases as the distance from the central meridian increases, which is 
why the projection is more suitable for regions predominantly north-south in 
extent). The projection is analogous to the Equidistant Cylindrical or Plate 
Carrée projection in the same way Transverse Mercator is to the Mercator 
projection. Instead of having the straight meridians and parallels of the 
Equidistant Cylindrical, the Cassini projection has complex curves for each, 
except for the equator, the central meridian and each meridian 90° away from 
the central meridian, all of which are straight. Cassini chose therefore not to 
show the meridians and parallels (except for the central meridian), but instead 
employed a system of squares with rectangular grid coordinates, as can for 
instance be seen on his Nouvelle Carte. The depicted lines of longitude are not 
meridians but small circles, parallel to the central meridian; the depicted lines of 
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latitude are not parallels but great circles, perpendicular to the central meridian 
(Berthaut 1898, pp.43-47; Snyder 1987, pp.92-94). 
The lists of coordinates and maps that could be analysed differed for each part 
of the study, since not all of these documents give both geographical and 
projected coordinates. Table 3-1 shows which documents were involved in 
which part. It also mentions the scale of the listed maps and to how many toises 
one millimetre on these maps consequently corresponds. This information will 
be important when analysing the projected coordinates. A complete overview 
of all the coordinates that were analysed, both geographical and projected, can 
be found in Appendix 3. 




CASSINI Report (1748) n.a.    
Relation (1775) n.a.    
Carte de France (1756-1815) 1:86,400 1 mm = 44 toises   
Nouvelle Carte (‘1744’) 1:1,772,000 1 mm = 909 toises   
FERRARIS Tableau (1772) Ca. 1:400,000 1 mm = 205 toises   
Carte marchande (1777) 1:86,400 1 mm = 44 toises   
Carte générale (1777) 1:432,000 1 mm = 222 toises   
Carte de cabinet (1777) 1:11,520 1 mm = 6 toises   
Table 3-1. Overview of all the documents (texts and maps) used in the analysis of the 
geographical coordinates and the projected coordinates.  
The order in which the documents are listed is the order in which they are treated in Section 
3.3.2.2 on Projected coordinates. 
The basic approach was to measure all geographical and projected coordinates 
involved from high resolution scans of the maps, as a supplement to the figures 
listed by Cassini in his Report of 1748 and his book of 1775.  To come as close 
as possible to the 18th century way of determining positions on the maps, the 
Window Ruler 1.x software by Hexagora72 was used to measure coordinates 
from the graduated bars and the map grid (rather than georeferencing the 
maps, which could have introduced additional deformations). The obtained 
digital values are inevitably approximations, liable to vary according to the 
original scale of the maps, paper distortion, and the scanning process. 
Nevertheless, used with caution, we believe they are wholly adequate for the 
purpose of distinguishing general trends in the data. The geographical 
coordinates of the different source documents were subjected to a simple 
                                                                
72 See http://www.hexagora.com/en_dw_winruler.asp 
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numerical comparison. Because of the larger data set, a more intricate 
approach was adopted for analyzing the projected coordinates, as will be 
explained in the relevant section (3.3.2.2). 
3.3.2.1 Geographical coordinates (longitudes & latitudes) 
Cassini’s geographical coordinates are found in his written accounts of 1748 
and 1775 (which are almost identical in this respect), and on his Nouvelle Carte. 
For count de Ferraris, only the Carte générale included in his Carte marchande 
as the 22nd map sheet shows geographical coordinates. It is also important to 
note, that while Cassini’s written longitudes and latitudes have a one-second 
precision and a five-second precision can be achieved when measuring 
coordinates on Ferraris’s Carte générale, the geographical coordinates for 
Cassini’s Nouvelle Carte yield no more than a thirty-second precision because 
of the coarser graticule on such a small scale map. 
The positions of those 46 towns for which the geographical coordinates are 
given in Cassini’s written accounts were analysed. The comparison revealed no 
clear link between the Cassini and Ferraris data sets, since the geographical 
coordinates of the towns on Ferraris’s Carte générale could not be traced back 
to either Cassini’s Nouvelle Carte or his written data.  
The longitudes recorded in Cassini’s written accounts and on his Nouvelle Carte 
proved similar. However, the degrees of longitude on Ferraris’s Carte générale 
tend to lie to the east of Cassini’s. On average, differences between Ferraris’s 
and Cassini’s degrees of longitude range from one to two minutes.73 As regards 
latitude, Ferraris’s coordinates are all to the north of Cassini’s. The differences 
between Ferraris’s Carte générale and Cassini’s written data range between 0.5 
and four minutes of latitude74, but the differences with Cassini’s Nouvelle Carte 
are much larger, rising to values between fifteen and nineteen minutes of 
latitude75.  No towns on the Nouvelle Carte are shown as lying north of 51 
degrees latitude, while in fact one in four of them should be. These errors 
originate from the graduated bars indicating latitude on the left and right sides 
of the Nouvelle Carte, which become less accurate towards the map’s top 
                                                                
73 This corresponds to distances between approximately 1.2 and 2.4 km. 
74 This corresponds to distances between approximately 925 m and 7.5 km. 
75 This corresponds to distances between approximately 28 and 35 km. 
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edge. This is easily detectable by looking at the listed geographical coordinates 
of the towns included in the alphabetical table printed next to the map76. The 
latitudes given here are identical to those in Cassini’s written accounts and 
differ greatly from the latitudes that can be deduced from the map itself. 
The marked differences between Ferraris’s and Cassini’s data sets lead us to 
suspect that count de Ferraris never worked with Cassini’s geographical 
coordinates. It is more likely that Ferraris adopted Cassini’s projected 
coordinates, since he seems to have been more accustomed to using that form 
of measurement. The Carte générale is the only one of Ferraris’s maps provided 
with both graduated markings in the margins for the geographical coordinates 
and a grid indicating the projected coordinates. In contrast, the regular map 
sheets of the Carte marchande and the Tableau have only the gridlines for the 
projected coordinates. Furthermore, in the report accompanying the Tableau, 
Ferraris worked out a complete example of how to calculate the geographical 
coordinates of the city of Brussels based on its projected coordinates, not the 
other way around. 
For the sake of completeness and before moving on to discuss projected 
coordinates, it is worth briefly mentioning another data set of geographical 
coordinates Ferraris might have had access to, namely those that the 
Englishman Nathaniel Pigott (1725-1804) had measured for a select number of 
towns in the Austrian Netherlands between 1772 and 1775 (published in Pigott 
1776, 1777 and 1778) (also included in Appendix 3). In 1772, Pigott, a fellow of 
the Royal Society in London, had been approached by the director of the 
Académie Impériale et Royale des Sciences et des Belles-Lettres in Brussels, 
John Needham (1713-1781), to determine astronomically, by timing eclipses of 
Jupiter’s satellites, the geographical coordinates of some of the main towns of 
the Austrian Netherlands. Pigott accepted the offer, and equipped with an 
impressive array of instruments, travelled successively to Namur, Luxembourg, 
Hoogstraten, Oostende, Tournai, Leuven and Brussels to perform the necessary 
measurements (McConnell & Brech 1999, pp.307-308; Veres 2015, pp.392-395). 
In an account of Pigott’s astronomical survey published in 1777, he himself 
states that the government of the Austrian Netherlands had asked for his help 
because they wanted to rectify the country’s maps (Pigott 1777, pp.iv-v). This 
                                                                
76 For the Austrian Netherlands, Diksmuide, Veurne, Nieuwpoort, Oostende, Tournai and 
Ieper are listed. All of them have the same coordinates as mentioned in the written Report 
of 1748, except for Oostende, which is placed considerably more to the west and the north 
according to the Nouvelle Carte’s table. 
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has led many researchers to suspect Pigott’s involvement in Ferraris’s 
cartographic project, although all of these researchers express doubts as to 
whether Ferraris actually incorporated Pigott’s data in his work, since there are 
no archival records to support this claim (Lemoine-Isabeau 1978, p.42, and 
1983, pp.332-333; McConnell & Brech 1999, p.307; Veres 2015, pp.392-395).  
To ascertain whether or not count de Ferraris made use of Pigott’s geographical 
coordinates it is important to take the dates of the astronomical observations 
into account. When these are tested against the Tableau’s information on which 
parts of the Austrian Netherlands had already been surveyed by Ferraris’s 
artillerymen by the autumn of 1772, three towns can immediately be removed 
from the data set. It would have been impossible for Ferraris to have adopted 
Pigott’s geographical coordinates for Namur (observations in September 1772), 
Brussels (observations from November 1773 to February 1774), and Louvain 
(observations from July 1774 to April 1775), since these towns and their 
surroundings had already been surveyed before their coordinates were 
determined by Pigott. Consequently, this leaves only 4 towns for which the 
geographical coordinates would have been available to count de Ferraris on 
time: Luxembourg, Hoogstraten, Oostende and Tournai. However, adverse 
weather conditions had prevented Pigott from measuring the longitude of 
Tournai, so for this town he could only provide a latitude. In short, the 
extremely limited nature of Pigott’s data set would have almost certainly 
rendered it useless to count de Ferraris. It should therefore come as no surprise 
that a comparative analysis of Pigott’s and Ferraris’s geographical coordinates 
showed no similarity whatsoever between both data sets. 
 
3.3.2.2 Projected coordinates (distances in toises) 
Comparing the Cassini de Thury- and Ferraris-data sets 
The next part of the research focused on comparing Cassini’s and Ferraris’s 
projected coordinates, which are expressed as distances in toises from the Paris 
meridian and its perpendicular. This examination involved a much larger data 
set since all the documents listed in Table 3-1 give projected coordinates. The 
position of 57 towns was analysed: 44 towns for which the geographical 
coordinates were also studied (the towns Gembloux and Hannut were not 
included in this part of the analysis because they do not appear on Cassini’s 
Nouvelle Carte, nor on Ferraris’s Tableau), and 13 additional towns that were 
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part of Cassini’s first- or second-order triangulation network and for which he 
lists the projected coordinates in his written accounts.  
Since the analysed coordinates were measured on maps with very different 
scales, the number of toises corresponding to one millimetre on these maps 
was used as an intuitive benchmark for the numerical comparison (see Table 3-
1). When drawing or measuring in the 18th century, millimetre-precision should 
have been achievable. Therefore, if a town’s projected coordinates on two 
maps differ by less than a millimetre’s number of toises (for the map with the 
smallest scale of the two being compared), the projected coordinates of both 
data sets are considered to be very similar.  
Because of the large amount of data involved in this study, the relationships 
between the different data sets were also visualized to facilitate interpretation. 
Two different visualisation techniques were used. First, the projected 
coordinates of each data set were imported into a GIS application, where they 
could be pictured as point layers (e.g. Figure 3-6). Additionally, a buffer with a 
scaled radius of one millimetre was added to those point layers representing 
town positions measured on maps, which proved particularly useful for Cassini’s 
Nouvelle Carte. This technique was a good way to get a complete overview of 
the relative positions of all the point layers, but interpreting the observed 
patterns could still prove challenging. If this was the case, a second technique 
was utilized, whereby triangular nets were constructed to offer quantitative 
information about the interrelation between two data sets (e.g. Figure 3-11) 
(Forstner and Oehrli 1998, p.37). When applying this technique, one data set 
functions as the domain or ‘from’-domain (A), the other as the codomain or ‘to’-
domain (B). First, the towns included in data sets A and B are compared and 
only those which appear in both are retained. A triangular network is then built 
connecting the retained towns in data set B by performing a Delaunay 
triangulation, after which the corresponding triangles are generated for data set 
A. Next, the area of each triangle in data set B is divided by the area of the 
corresponding triangle in data set A. All data sets involved in our analyses are 
supposed to be in the same reference system, so normally this calculation 
should suffice. However, just in case this would not have been true, this 
quotient was also divided by a reference value, namely the square of the length 
scaling calculated from a Helmert transformation from data set A to B. In our 
analyses this value was always approximately 1, meaning this additional 
calculation had little to no impact. The final result is the area scaling σ of the 
triangles in data set B (the codomain) with respect to the corresponding 
triangles in data set A (the domain). To visualize this area scaling, the triangles 
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in data set B are plotted in a GIS application and coloured using a colour ramp, 
whose range is determined by taking the mean and standard deviation values 
of the obtained area scaling into account. The applied blue-transparent-red 
colours indicate the area of the triangle is displayed at smaller, equal or larger 
size in data set B compared to data set A. It is not the area scale factor σ itself 
that is plotted, but its base-2 logarithm, so that enlarging or shrinking an area 
with the same factor is displayed as an equally large distortion, while a value of 
0 indicates the absence of area distortion. To assess the resulting visualization 
correctly, it is also important to keep in mind that narrow triangles often have a 
darker colour than the other ones, simply because of their acute angles, which 
cause small displacements of one of the vertices to have a big impact on the 
overall area scaling. The main advantages of the triangular nets technique are 
that it provides quantitative information, and by comparing the surface areas for 
each triangle individually, it considers distortion as a local property, 
independent of the general trend. Furthermore, it is the towns’ relative 
positions in each data set that are being compared, not their absolute positions 
in projected Cassini coordinates. This made it much easier to include Ferraris’s 
Carte de cabinet in the analysis, since no projected coordinates are given on 
this map and an alternative approach was required to determine its coordinates, 
as will be explained further on in this section. 
The results of the analysis of the projected coordinates are presented here in 
cumulative steps, with a geodetic data set from another document added each 
time. The order is as shown in Table 3-1. This allows comparison of each data 
set with all the previous ones.  
(i) Cassini – Report (1748), Relation (1775) and Carte de France 
First, Cassini’s projected coordinates were examined. They were found to be 
practically identical in his Report of 1748 and his Relation of 1775, as was the 
case for the geographical coordinates in both these documents. Then the map 
sheets of the Carte de France that show parts of the Austrian Netherlands were 
incorporated into the analysis.77 The Carte de France was based on Cassini’s 
triangulation and this clearly showed when comparing the map’s projected 
coordinates for towns in the Austrian Netherlands to those listed by Cassini in 
                                                                
77 The following map sheets of the Carte de France show parts of the Austrian Netherlands 
(their dates of publication are between brackets): 6.Dunkirk (1757-1758); 41.Lille (1757-
1758); 77.Rocroi (1759-1760); 109bis. St-Hubert (1759); 109.Montmédy, Longwy, Bouillon 
(1762); 141bis.Luxembourg (1763). (Pelletier 2013, pp.277-288). 
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1748 and 1775. The map and the written accounts differed only slightly, with 
average differences of no more than 80 toises.78  
(ii) Cassini – Nouvelle Carte 
Next, these three very similar data sets by Cassini were compared with the 
projected coordinates measured on his Nouvelle Carte. The comparison 
revealed that, whereas the longitudinal distances are much the same in all these 
sources79, latitudinal distances are much less alike. All towns on the Nouvelle 
Carte are situated 1,000 to 2,200 toises more to the north compared with 
Cassini’s lists and his Carte de France (Figure 3-6). 80  To blame for this 
discrepancy are the lines indicating latitudinal distances on the Nouvelle Carte. 
When the map was created in 1744, latitudinal lines were only included every 
60,000 toises. Consequently, the only such line running through the Austrian 
Netherlands was the one supposedly positioned 120,000 toises north of the 
great circle perpendicular to the Paris meridian, intersecting it in the Paris 
Observatory (Figure 3-2c). However, when measured from this perpendicular, it 
becomes clear that this line is actually situated 121,825 toises north of it. It is 
likely that when the towns of the Austrian Netherlands were later added to the 
Nouvelle Carte, their positions were meant to correspond to those calculated 
by Cassini de Thury, but they ended up being positioned more north because 
they were placed as if the line which is actually 121,825 toises north of the 
perpendicular was lying at 120,000 toises north. This is immediately apparent 
when looking at the positions of Roeselare, Aalst, Vilvoorde, and Asse (Figure 3-
2b). According to Cassini’s Relation of 1775, these towns are respectively 
located 120,467; 120,629; 120,451; and 119,296 toises north of the 
                                                                
78 A difference of less than 80 toises (approximately 156 m) is negligible given the original 
scale of the Carte de France, where 1 mm corresponds to approximately 44 toises. 
Furthermore, each map sheet was accompanied by tables with projected coordinates for 
approximately 300 towns, as calculated by Cassini. He urged the people using his Carte de 
France to consult these tables instead of performing measurements on the maps 
themselves if they wanted to know the precise location of a town (Cassini de Thury [1756], 
p.12). 
79 For 86% of towns the difference is less than 500 toises (approximately 974.5 m), which is 
negligible given the original scale of the Nouvelle Carte, where 1 mm corresponds to 
approximately 909 toises. In fact, differences are never larger than 850 toises for any of the 
towns, making it plausible they are simply the result of measurement errors. 
80 Given the original scale of the Nouvelle Carte, we consider differences between 1,000 
and 2,200 toises (approximately 1.9 km and 4.3 km) to be significant. 
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perpendicular, and on the Nouvelle Carte they are drawn immediately above or 
below the supposed 120,000 toises latitudinal line. At a later stage, the map 
sheet configuration of the Carte de France was also depicted on the Nouvelle 
Carte, thus adding a lot more lines with clearly defined projected coordinates to 
this map. This time however, the new latitudinal lines were placed at the correct 
distances from the perpendicular. Consequently, when the latitudinal positions 
of the towns in the Austrian Netherlands are measured from these lines (which 
is the most straightforward approach), all towns are situated 1,000 to 2,200 
toises more north than in Cassini’s written accounts or on his Carte de France. 
 
 
Figure 3-6. Map of Belgium showing town positions according to projected coordinates in 
Cassini’s Relation of 1775 (grey points) and on Cassini’s Nouvelle Carte (yellow points). 
To account for measurement errors, an additional yellow buffer is drawn around the town 
positions on the Nouvelle Carte. Its radius corresponds to one millimeter on the 18th century 
map. While x-coordinates are very similar in both data sets, y-coordinates show a clear 
discrepancy, with towns situated 1,000 to 2,200 toises more north on the Nouvelle Carte. 
(iii) Ferraris – Tableau 
Once it was clear how the different documents containing Cassini’s projected 
coordinates relate to each other, these could be compared with the projected 
coordinates on Ferraris’s maps. The oldest map, the Tableau of 1772, which 
had served as the blueprint for Ferraris’s mapping project, was analysed first. It 
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depicts 47 of the 57 towns incorporated in the analysis of the projected 
coordinates. As described in Section 3.3.1, the Explication accompanying 
Ferraris’s Tableau and the appearance of the map itself hint at a link with 
Cassini’s Nouvelle Carte. This still holds true when their projected coordinates 
are compared (Figure 3-7). The longitudinal distances on Ferraris’s Tableau 
were found to correspond equally well with Cassini’s written accounts and his 
Nouvelle Carte, since both are much alike. When looking specifically at the 
resemblance to the Nouvelle Carte, the positions of 40 of the 47 towns 
analysed on the Tableau differ by less than 909 toises between both maps.81 
Furthermore, the latitudinal distances on the Tableau bear a much greater 
resemblance to those measured on Cassini’s Nouvelle Carte than to those in 
Cassini’s written accounts. The differences between both maps are smaller than 
909 toises for 44 of the 47 towns examined.82  In contrast, the towns on 
Ferraris’s Tableau are on average situated 1,000 to 2,500 toises more to the 
north than the latitudinal positions listed in Cassini’s Report of 1748 and 
Relation of 1775.83 The map analysis thus seems to confirm that the town 
positions on Ferraris’s Tableau were indeed copied from Cassini’s Nouvelle 
Carte, and that this was done by measuring distances from the longitudinal and 
latitudinal lines indicating the map sheet configuration of the Carte de France 
on the Nouvelle Carte. As explained above, projected coordinates determined 
by this kind of measurements on the Nouvelle Carte are considerably more 
northerly than those found in Cassini’s written accounts.  
Further evidence that the Nouvelle Carte was consulted in this way for count de 
Ferraris’s mapping project comes from one of the appendixes to Ferraris’s 
project proposal of 1769.84 In this document Ferraris describes the longitudinal 
                                                                
81 A difference of less than 909 toises (approximately 1.8 km) is negligible given the original 
scale of the Nouvelle Carte. The towns whose longitudinal distances show a greater 
dissimilarity are Ghent, Namur, Nieuwpoort, St-Truiden, Asse, Tumulus d'Avernas, and 
Puurs. 
82 A difference of less than 909 toises (approximately 1.8 km) is negligible given the original 
scale of the Nouvelle Carte. The towns whose latitudinal distances show a greater 
dissimilarity are Brussels, Leuven, and Tielt. 
83 Given the original scale of the Tableau, where 1 mm corresponds to approximately 205 
toises, differences between 1,000 and 2,500 toises (approximately 1.9 and 4.9 km) are 
significant. 
84 Appendix of Ferraris’s project proposal, entitled Explication sur la nouvelle carte de 
France, et sur la formation de celle des Pays-Bas autrichiens (reproduced in Gachard 1843, 
Pièce justificative IV). 
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and latitudinal lines that will delimit the map sheets of his Carte marchande – 
which are the same as those delimiting the map sheets of Cassini’s Carte de 
France – by naming some of the towns close to or traversed by these lines. It is 
very conspicuous that all of the towns mentioned by Ferraris are precisely the 
ones depicted on Cassini’s Nouvelle Carte. Also, when for instance describing 
the meridian running 20,000 toises east of the Paris meridian, Ferraris points out 
how this line traverses Ieper, passes just to the right of Diksmuide, and just to 
the left of Bruges. This seems to be a misinterpretation of the Nouvelle Carte, 
where the symbol indicating Oostende can indeed be easily confused with the 
one indicating Bruges, which in reality is situated further east (see Figure 3-2b). 
 
 
Figure 3-7. Map of Belgium showing town positions according to projected coordinates in 
Cassini’s Relation of 1775 (grey points), on Cassini’s Nouvelle Carte (yellow points with yellow 
buffers), and on Ferraris’s Tableau (blue points). 
The town positions on the Tableau show a greater resemblance to Cassini’s Nouvelle Carte 
than to his Relation. This is particularly true for the towns located outside the region that 
Ferraris’s artillerymen had already surveyed by the autumn of 1772 (indicated by the red 
outline).  
The Explication accompanying the Tableau mentions that each ‘department’ 
(meaning a small brigade of 5 or 6 artillerymen, responsible for surveying) 
Chapter 3 
84 | 
possessed a duplicate of the Tableau, to coordinate the work in remote parts of 
the country.85 Different versions of this map must therefore have existed, but 
the one being discussed here is the only one discovered so far. It depicts the 
state of the surveys in the autumn of 1772, by giving the already finished plane 
table sheets a pink or yellow colour. It is therefore plausible that on this version 
of the Tableau, the original positions of the towns had already been adapted to 
reflect what had by then been measured in the field and drawn on the plane 
table sheets by Ferraris’s artillerists. Supporting this claim is the fact that eight 
of the ten towns whose projected coordinates on the Tableau differ either 
longitudinally or latitudinally from those of the Nouvelle Carte (namely Ghent, 
Namur, St-Truiden, Asse, Tumulus d'Avernas, Puurs, Brussels, and Leuven) 86 are 
situated on coloured plane table sheets (pictured on Figure 3-7 as the red 
outline). Outside of this coloured zone, the similarity between both maps is thus 
almost total. This makes it very likely that town positions on earlier versions of 
the Tableau would have borne an even greater resemblance to Cassini’s 
Nouvelle Carte. 
(iv) Ferraris – Carte marchande, Carte générale and Carte de cabinet 
To further check this hypothesis, the projected coordinates of Ferraris’s Carte 
marchande, Carte générale and Carte de cabinet were investigated next. The 
results for all three maps can be discussed together since the maps were 
created simultaneously. The plane table sheets Ferraris’s artillerymen used in 
their surveying were compiled to form the Carte de cabinet, which was rescaled 
and generalized to form the Carte marchande. In turn, the Carte générale is a 
rescaled version of the Carte marchande. 
The projected coordinates of the towns on the Carte marchande and the Carte 
générale were found to be almost identical.87 Although the Carte de cabinet 
                                                                
85 Explication (see note 60): « C’est à l’aide du présent tableau, dont chaque département à 
un double, qu’on s’explique sur les différents objets de la besogne à exécuter lors même 
qu’il s’agit d’étendre la correspondance d’un bout du pays à l’autre. » (Paris, AN, C & Pl, N 
III Pays-Bas/4/2, f. 3vo). We know that the term « département » refers to a brigade of 5 or 6 
artillerymen because of a letter from count de Ferraris’s first lieutenant Damien Gillis to the 
Hainaut States pensionary Losson, 29 August 1773 (Mons, Archives de l’État, Archives 
locales, R4). 
86 See notes 81 and 82. 
87 On average, the projected coordinates for both maps differ by less than 165 toises 
(approximately 321.5 m), which is negligible given the original scale of the Carte générale, 
where 1 mm corresponds to approximately 222 toises. 
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unfortunately bears no indication of either geographical or projected 
coordinates it was possible, by means of several stages of GIS computation, to 
calculate projected coordinates for this map as well. Ferraris had planned a 
straightforward arrangement between the sheets of his Carte de cabinet and 
Carte marchande, with one sheet of the Carte marchande encompassing five by 
five map sheets of the Carte de cabinet, as depicted on the Tableau (Figure 3-
4). This would have allowed the projected coordinates of the Carte de cabinet’s 
vertices to be calculated from the projected coordinates given on the Carte 
marchande. In reality, however, this is impossible, because the Carte de cabinet 
map sheets are tilted westward in comparison with the north direction of the 
Carte marchande map sheets, meaning there is no clear-cut relationship 
between both (Figure 3-8).  
 
Figure 3-8. The actual map sheet arrangement of the Carte marchande (large rectangles), the 
Carte de cabinet (small rectangles), and the plane table sheets (small grey and red squares, 
red if already surveyed by the autumn of 1772), displayed on a map of Belgium. 
Note the difference with the map sheet arrangement count de Ferraris had originally 
envisioned, which is depicted on his Tableau (Figure 3-4). 
The coordinate reference system used for the Carte de cabinet is thus unknown, 
and it is even probable the map was constructed without taking projections into 
account. An alternative approach was therefore decided on, in which an ad hoc 
local coordinate reference system was created for each quarter map sheet of 
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the Carte de cabinet, displaying one of the examined towns. The measuring 
units used for this local coordinate reference system were based on the width to 
height ratio of an average quarter map sheet, namely 1.6:1. The coordinates 
thus obtained were then fitted into a larger coordinate reference system 
encompassing all maps sheets. Finally, to make it easier to compare the relative 
positions of the towns on the Carte de cabinet with those of the other data sets, 
the ad hoc projected coordinates were transformed to coordinates in the same 
Cassini coordinate reference system used by the other source documents by 
means of a shape-preserving Helmert transformation to the towns on the Carte 
marchande.  
From these analyses it emerged that not all town positions on the Carte 
marchande and Carte générale were faithful copies of the Carte de cabinet. The 
relationship between these three maps, and their affiliation with the other 
documents analysed, seems to have changed several times during Ferraris’s 
mapping project, as shall now be demonstrated and visualized by means of the 
different symbols used in Figure 3-9. The report accompanying the Tableau 
describes how Ferraris’s artillerymen started their surveys in Mechelen, where 
their headquarters were located, in the autumn of 1770. From there, surveying 
operations gradually spread to adjoining areas, first encompassing the 
triangular region between Mechelen, Brussels and Leuven, then radiating out 
further to Diest in the east, Antwerp in the north and Aalst in the west, and 
onward from there. Eventually almost all of the country had been surveyed by 










(See next page) 
Figure 3-9. Map of the Austrian Netherlands and the Prince-Bishopric of Liège (shaded) 
showing the correspondence between the position of towns on Ferraris’s Carte marchande 
and Carte générale, and different source documents. 
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Δ  = town positions resemble Ferraris’s Tableau and/or Cassini’s Nouvelle Carte 
      = town positions do not resemble any known source material 
  = town positions resemble Cassini’s written accounts and Cassini’s Carte de France  
  = town positions resemble Cassini’s Carte de France 
Also depicted are the plane table sheets that Ferraris’s artillerymen had surveyed by the 
autumn of 1772 according to the Tableau (red squares). The thick black line marks the 
divide between towns whose positions are different (to the left) or coincide (to the right) on 
Ferraris’s Carte de cabinet and Carte marchande / Carte générale. 
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The projected coordinates on count de Ferraris’s Carte marchande, Carte 
générale and Carte de cabinet closely resemble those of his Tableau for the 
towns surrounding Mechelen, stretching to Antwerp in the north, St-Truiden in 
the east, Charleroi and Namur in the south and Puurs and Asse in the west, with 
Ghent as an outlier (triangles in Figure 3-9). All these towns lie on coloured 
plane table sheets, which thus seems to confirm the hypothesis that the 
similarity in the town positions is the result of the Tableau being redrawn to 
match what had been surveyed by the artillerymen, instead of an inverse 
relationship, where the projected coordinates of the Carte de cabinet and Carte 
marchande would have been copied from the Tableau in this region. With the 
exception of the eight towns listed above88, the projected coordinates for the 
towns on the Carte marchande, Carte générale and Carte de cabinet in the 
triangle-category also show a good correspondence to those of Cassini’s 
Nouvelle Carte, as is the case on the Tableau. 
In the text accompanying the Tableau, count de Ferraris actually comments on 
the relationship between some of the town positions his artillerists had already 
mapped by the autumn of 1772 and French geodetic data. He explains that 
‘before undertaking the general survey of the Austrian Netherlands, he and his 
men deemed it relevant to make sure that, operating foot by foot, following 
their method of plane table surveying, they would be able to find the relative 
positions of certain objects of the country, like the French had determined them 
after having operated with large bases’.89 In the rest of the text, Ferraris reports 
on the correspondence between his own measurements and those of the 
French for several towns (Figure 3-10). According to him, Mechelen, Brussels 
and Leuven were situated ‘without any noticeable difference’ on the same 
position on the Carte marchande as the position that had been determined by 
the French.90 This description is rather euphemistic, as certainly for Brussels and 
Leuven, and to a lesser degree for Mechelen, the difference with the Nouvelle 
Carte is quite marked. The same can be said of Namur, whose position Ferraris 
                                                                
88 See note 86. 
89  Explication (see note 60): «Avant d’entreprendre la levée générale des Pays-Bas 
autrichiens, nous avons jugé à propos de nous assurer si, en opérant pied à pied, suivant 
notre méthode de lever avec la planchette, nous parviendrions à trouver la position 
relatives (sic) de certains objets du pays, comme les Français les avaient déterminés après 
avoir opéré par de grandes bases.» (Paris, AN, C & Pl, N III Pays-Bas/4/2, f.4). 
90 Explication (see note 60): «sans différence sensible» (Paris, AN, C & Pl, N III Pays-Bas/4/2, 
f.5). 
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calls ‘more or less in agreement with the French’.91 Of Pellenberg, Aarschot, 
Diest, Ninove, Aalst, Antwerp, and Lier, Ferraris boasts they ‘have the same 
position’ as the one the French had assigned them92, which this time is quite 
close to the truth except for Aalst. There is indeed an obvious resemblance to 
the town positions on the Nouvelle Carte for all the other towns, although the 




Figure 3-10. Map of Belgium showing town positions according to projected coordinates on 
Cassini’s Nouvelle Carte (yellow points with yellow buffers), and on Ferraris’s Carte 
marchande (green points) and Carte de cabinet (red points). 
In case a red point is not visible this means it is covered by a green one because the town 
position on the Carte marchande and Carte de cabinet coincide. For several towns located 
inside the region that his artillerymen had already surveyed by the autumn of 1772 
(indicated by the red outline), Ferraris’s take on their correspondence to the French 
geodetic data is rather optimistic.  
                                                                
91 Explication (see note 60): «à peu près d’acord (sic) avec les Français» (Paris, AN, C & Pl, N 
III Pays-Bas/4/2, f.7 vo). 




All the towns on Ferraris’s Carte de cabinet that are situated on coloured plane 
table sheets are in the triangle-category, meaning their positions closely 
resemble those of his Tableau. The only exceptions are Dendermonde and 
Fleurus (the reason why remains obscure), and Lokeren and Aalst (because they 
are not depicted on the Tableau). For the towns on the Carte de cabinet 
located outside of the region that is coloured in on the Tableau, it is much more 
difficult, even impossible, to distinguish clear patterns of derivation from any 
source material, be it a version of Cassini’s data or Ferraris’s Tableau. The same 
is true for the Carte marchande and Carte générale, but on these maps this 
category of towns without clear source material can already be observed closer 
to the core region centred on Mechelen (squares in Figure 3-9). Whereas the 
positions of Ninove, Halle, and Enghien are practically identical to those of the 
Tableau on the Carte de cabinet (and would therefore belong to the triangle-
category on this map), this is not the case on the Carte marchande and Carte 
générale, where these towns have undergone a southward shift. This 
divergence between town positions on the Carte de cabinet and Carte 
marchande corresponds to a general trend in the data, indicated by the black 
line in Figure 3-9. All towns situated to the right of the line coincide on both 
maps, all towns situated to the left diverge and are located more to the south 
on the Carte marchande. This pattern is also clearly visible in the triangular 
network in Figure 3-11, which displays the area scaling of the triangles on the 
Carte marchande with respect to the corresponding triangles on the Carte de 
cabinet. The blue, transparent, or red colours of the Carte marchande’s 
triangles signify they are smaller, equal in size, or larger than the equivalent 
triangles on the Carte de cabinet. Logically, the highest concentration of 
coloured triangles is found to the left of the black line. Red is the predominant 
colour here, attesting to the areal increase that characterizes the Carte 
marchande in the region bordering France as compared to the Carte de 
cabinet, a difference in size that is caused by the towns’ southward 
displacement. 
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Figure 3-11. Triangular net showing the base-2 logarithm of the area scaling σ of the triangles 
connecting towns on the Carte marchande (green points) with respect to the corresponding 
triangles connecting towns on the Carte de cabinet (red points). 
Town positions to the left of the black line are different on Ferraris’s Carte de cabinet and 
Carte marchande, because they undergo a shift south on the latter. This leads to an areal 
increase on the Carte marchande, as demonstrated by the red triangles in this zone. 
As a result of this shift, a new pattern emerges for towns near the French border 
on the Carte marchande and Carte générale, which does not manifest itself on 
the Carte de cabinet. On the two smaller-scale maps the projected coordinates 
for the towns in the French border region show striking similarities with Cassini’s 
written accounts. Prime examples of this are, from north to south, the towns of 
Veurne, Diksmuide, Ieper, Menen, Geraardsbergen, Mont-St-Aubert, Tournai, 
Leuze, Ath, St-Ghislain, Mons and Binche (black circles in Figure 3-9). All these 
towns are located more north on the Tableau, where they have the same 
position as on Cassini’s Nouvelle Carte, which must have served as the source 
document for this map by Ferraris (Figure 3-7). On Ferraris’s Carte de cabinet, 
ten of the twelve towns are situated even further north, with only Mons and 
Binche on a similar latitudinal position as displayed on the Tableau and 
Nouvelle Carte (Figure 3-10). The most plausible explanation why the towns in 
the black circle-category on the Carte marchande and Carte générale display 
such a strong southward shift seems to be that these new positions were 
derived from the Carte de France instead of directly from Cassini’s written data. 
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For instance, the positions of the border towns south of the river Meuse also 
match those on the Carte de France (white circles in Figure 3-9).93 This region 
was not included in Cassini’s triangulation of 1746–1748, so it does not feature 
in his written accounts. Furthermore, towns more distant from the French 
border and lying just beyond the range of the Carte de France show either little 
or no similarity at all to Cassini’s written data. It seems that count de Ferraris 
must have possessed copies of the relevant map sheets of the Carte de France - 
all of which were published several years before he started his mapping 
project 94  - since he mentions in a letter to the minister plenipotentiary 
Starhemberg that it would be necessary to copy the Carte de France to 
complete the parts of the Carte marchande showing French territories. 95 
Comparative research by Lemoine-Isabeau (1983, pp.346-349) confirms that the 
French territory depicted on the Carte marchande was indeed copied from the 
Carte de France. The efforts that were made to make the town positions on the 
Carte marchande coincide with those on the Carte de France also explain the 
striking curve the black line in Figures 3-9 and 3-11 makes in the vicinity of 
Geraardsbergen. This is the only town in the Austrian Netherlands situated so 
far from the French border that is still depicted on the Carte de France. As a 
result, the towns of Ninove, Halle, and Enghien do not belong to the triangle-
category in Figure 3-9, although they are situated on coloured plane table 
sheets on the Tableau. On the Carte de cabinet their positions do still coincide 
with those of the Tableau, but on the Carte marchande they lie more to the 
south. 
In summary, the results of this part of the map analysis suggest that the 
planning of Ferraris’s mapping project, as illustrated on his Tableau, and the 
early stages of the work in the region centred on Mechelen were based on 
Cassini’s geodetic framework for the Austrian Netherlands. Ferraris, however, 
most likely did not have access to the best version of Cassini’s data right from 
the start of his mapping operation, as hinted at by the archival sources studied 
                                                                
93 Attention was paid in particular to towns on Cassini’s Carte de France also featured on 
Ferraris’s Tableau, as part of Ferraris’s traverse survey for the southern part of the country. 
On the Tableau and on the Carte de cabinet, all these towns are placed much more to the 
north and to the east compared to their positions on the Carte marchande, Carte générale 
and Carte de France. 
94 See note 77 
95 De Ferraris to minister plenipotentiary Starhemberg, 10 November 1770 (Brussels, AGR, 
SEG 2273, f. 87). 
Cassini de Thury’s geodetic contribution to the Ferraris maps 
| 93 
in Section 3.3.1, particularly the Tableau and its Explication. Out of necessity he 
appears to have relied heavily on Cassini’s Nouvelle Carte, a map that was 
freely available but neither displays Cassini’s entire triangulation network nor is 
as accurate as his written measurements. As work on Ferraris’s maps 
progressed, keeping to the original plan (depicted on the Tableau) and the 
French data it was based on became more difficult. This is not surprising given 
the number of artillerists simultaneously performing surveys in distinct areas, 
which by 1774 had risen to approximately 175 men, subdivided in 35 groups of 
5 (Arnould 1972, pp.223-224; Lemoine-Isabeau 1984, p.219). For the Carte de 
cabinet, once the connection to the French geodetic data was lost, no effort 
was made to restore it. Conversely, on the Carte marchande and Carte générale 
adherence to Cassini’s data becomes obvious once more in the region 
bordering France. Here all necessary projected coordinates were undoubtedly 
derived from the Carte de France, which Ferraris planned to use anyway for 
copying the French territories that needed to be included in his Carte 
marchande. 
 
Assessing the accuracy of the Cassini de Thury- and Ferraris-data sets 
against modern-day projected coordinates 
The final analysis that was carried out was to check the accuracy of the 
projected coordinates in Cassini’s written accounts and on Ferraris’s Carte de 
cabinet and Carte marchande. This was done by comparing them to the 
projected coordinates of a modern-day topographic map (scale 1:10,000)96 in 
the Belgian Lambert 72 coordinate reference system that were transformed to 
the same Cassini coordinate reference system used for the 18th century source 
documents.  
To allow for a very precise comparison between the modern map and the old 
data sets, it was necessary to first pin-point the exact locations from where 
Cassini had carried out his angular measurements, in other words, to know 
which exact building had served as the triangulation station. Unfortunately, this 
information is not readily available. In Cassini’s Report of 1748 only the names 
of towns are mentioned, not buildings. Cassini’s Relation of 1775 is almost as 
silent in this respect, only disclosing building information for Antwerp, Bruges, 
                                                                
96 National Geographic Institute of Belgium: Topographic map NGI, scale 1:10,000 
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and Oostende.97 To expand the data set, the draft or “minute” maps of the 
Austrian Netherlands which the French military engineers had created in 
collaboration with Cassini de Thury in 1746-1748 were consulted in the archives 
of the Service historique de la Défense in Vincennes. Three versions of these 
maps exist: the very first drawings were carried out on a scale of 1:14,400 and 
subsequently scaled down to maps on a scale of 1:28,800 and 1:86,400 
(Lemoine-Isabeau 1984, pp.148-156). As the most original documents, the 
1:14,400 minute maps proved to be the most interesting for this research. The 
map sheets are very large (in general larger than 1x2 m) and have irregular 
shapes, because features such as rivers and roads determine their extent. The 
drawing conventions adhered to are those for draft maps, very similar to those 
which characterize the Viennese copy of Ferraris’s Carte de cabinet. The map 
sheets also display many construction lines, no longer present on the smaller-
scale 1:28,800 and 1:86,400 maps. The majority of these lines seem to have 
been drawn to facilitate the rescaling and copying of the maps. Some, however, 
are clearly lines of sight relating to Cassini’s triangulation measurements, 
because they connect individual buildings (Figure 3-12 shows three examples). 
Such markings made it possible to identify the triangulation station for 29 
additional towns involved in this study. Table 3-2 provides an overview of the 
information gleaned from both Cassini’s Relation and the 1:14,400 minute 
maps. As was to be expected, churches clearly dominate the list. 
 
 
Figure 3-12. The towns of (a) Aalst (map sheet 8), (b) Diest (map sheet 17), and (c) St-Maria-
Oudenhove (map sheet 7) as depicted on the Carte minute et géométrique de partie des 
Pays-Bas Autrichiens, levée par les Ingénieurs du Dépôt général de la Guerre dans la guerre 
de 1741 et par Cassini (1:14,400).  
The lines originating from the belfry (Aalst), the town fortifications (Diest), and the church 
(St-Maria-Oudenhove) indicate sightings that were taken to establish Cassini’s triangulation 
network (Vincennes, SHD, Cartes & Plans 4.6.B.36 – 7, 8, and 17).  
                                                                
97 For the Tumulus d’Avernas no additional information was needed since this is a single 
structure. 
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Town Triangulation Station Information Source 
Aalst Belfry Map 8 
Antwerpen Cathedral of Our Lady Relation (1775), p.132  
Ath Church of St-Julien Map 5 
Borgloon Church of St-Odulphus Map 18 
Brugge Church of Our Lady Relation (1775), p.154  
Brussel Cathedral of St-Michiel and St-Goedele Map 10 
Kortrijk Belfry Map 1 
Deinze Church of St-Martinus Map 3 
Dendermonde Church of Our Lady Map 8 
Diest Fortifications (north of the Leuvensepoort)  Map 17 
Gent Cathedral of St-Bavo Map 7 
Geraardsbergen Oudenberg Map 6 
Halle Basilica of St-Martinus Map 13 
Halen Church of St-Petrus Map 17 
Lessines Church of St-Pierre Map 6 
Leuze Church of St-Pierre Map 4 
Leuven Church of St-Jan-De-Doper (on the Keizersberg, 
demolished in the 19th c.) 
Map 14 
Mechelen Cathedral of St-Rombout Map 10 
Scherpenheuvel Basilica of Our Lady Map 17 
Ninove Church of the Abbey of St-Cornelius and St-
Cyprianus (demolished in the 19th c.) 
Map 11 
Oostende Town hall (at Wapenplein, destroyed in WWII) Relation (1775), p.153  
Oudenaarde Belfry Map 3 
Tienen Church of Our Lady Map 17 
Tongeren Basilica of Our Lady Map 18 
Vilvoorde Church of Our Lady Map 10 
Asse Church of St-Martinus Map 10 and 13 
Maastricht Church of St-Jan Map 18 
Mont-St-Aubert Church of St-Aubert Map 4 
Moulin de Neuthon Windmill Map 5 
Pellenberg Church of St-Petrus Map 16 
Puurs Church of St-Petrus Map 10 
St-Maria-Oudenhove Church of Our Lady Map 7 
Tumulus d’Avernas Tumulus Relation (1775), p.156 
Table 3-2. Overview of the buildings that were used by Cassini de Thury as measurement 
stations for his triangulation of the Austrian Netherlands.  
This information was gathered from two different sources. In case a map number is given, it 
refers to a map sheet of the Carte minute et géométrique de partie des Pays-Bas 
Autrichiens, levée par les Ingénieurs du Dépôt général de la Guerre dans la guerre de 1741 
et par Cassini (1 :14,400) (Vincennes, SHD, Cartes & Plans 4.6.B.36). In case a page number 
is given, it refers to Cassini de Thury’s book Relation d’un voyage en Allemagne (1775).  
It occasionally proved challenging to indicate the correct locations on the 
modern-day topographic map, since not all of the buildings listed in Table 3-2 
still exist. If this was the case, their position was estimated as precisely as 
possible. It is also interesting to note that when the listed buildings were 
scrutinized on the Viennese copy of Ferraris’s Carte de cabinet (consisting of 
the original plane table sheets), there was never any indication of similar lines of 
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sight. This finding thus seems to corroborate that count de Ferraris and his staff 
never carried out large-scale triangulation measurements themselves. Further 
support for this premise comes from Ferraris’s Tableau. In addition to Cassini’s 
triangles, one more triangle is drawn on this map, connecting Mechelen, 
Brussels and Leuven (Figure 3-4b). However, Lemoine-Isabeau (1983, p.192) 
already pointed out that although the position of these towns resembles an 
equilateral triangle, this triangle could never have been part of an 18th century 
triangulation network. Before the Brussels Palace of Justice with its high dome 
was constructed in the 19th century, the city could not be spotted from Leuven. 
Consequently, this triangle is not included in Cassini’s triangulation network. 
The fact that it does feature on Ferraris’s Tableau can be seen as evidence that 
this map was not drawn by someone with hands-on knowledge of geodesy. 
The 33 towns, for which the exact location of the triangulation station could be 
pin-pointed on the modern topographic map, the Carte marchande and the 
Carte de cabinet, were combined into a separate data set, marked with the 
suffix “- CdT” in Appendix 3.98 This left 24 towns for which no such information 
was available. In order not to exclude these remaining towns from further 
analysis, their approximate projected coordinates were determined by 
indicating a point on a church or other high building in the centre of each of 
these towns. The 24 towns with approximate coordinates were then combined 
with the 33 towns with precise coordinates in another data set consisting of all 
57 towns, marked with the suffix “- townC” in Appendix 3.99 
In order for the projected coordinates of the 57 studied towns to be 
comparable between all data sources, the projected coordinates on the modern 
reference map in the Belgian Lambert 72 coordinate reference system (in 
meters) were transformed to projected coordinates in the 18th century Cassini 
coordinate reference system (in toises). The parameters of the Cassini 
coordinate reference system that need to be defined to enable such a 
transformation were calculated by Timár et al. (2014). Knowing that the Cassini 
projection grid has its point of origin in the Paris Observatory, is based on the 
Ancienne Triangulation Française (ATF) triangulation network, and adopts 
Picard’s spheric base surface (with a radius of 6,372,056 m) instead of an 
ellipsoid, they were able to use the original ATF and modern WGS 84 
coordinates of the Paris Observatory and the geoid undulation value of Paris to 
                                                                
98 “- CdT” stands for Cassini de Thury. 
99 “- townC” stands for town centre. 
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derive the Abridged Molodensky datum shift parameters (three geocentric 
translation parameters) from the ATF to the WGS 84 datum. These are dX = 
+11986 m; dY = +439 m; dZ = -18438 m. Consequently, the Cassini coordinate 
reference system can be defined, conform the parameters of the ‘proj4’ string 
format, as follows: 
+proj=cass +lon_0=2d20m13.95s +lat_0=48d50m10s +a=6372056 +b=6372056 
+towgs84=11986,439,-18438 +no_defs +to_meter=1.94906 
Once the modern topographic map’s Lambert 72 coordinates had been 
transformed to Cassini coordinates, the positions of the 57 towns on this map 
could be compared to the projected coordinates in Cassini’s written accounts 
and on Ferraris’s Carte de cabinet and Carte marchande. This was done in two 
ways: by using the triangular nets technique and by evaluating distances 
between towns. Both techniques compare relative instead of absolute positions 
of towns. As explained above, this approach was more convenient since it 
allowed for Ferraris’s Carte de cabinet to be incorporated in the analysis 
without any difficulty, even though the coordinate reference system for this map 
is unknown. 
First, the triangular nets technique was used to visualize the area scaling of the 
triangles on the modern map with respect to the corresponding triangles of the 
three 18th century data sets. Figures 3-13a and b clearly show that the areal 
difference with the triangles formed by projected coordinates from Cassini’s 
Relation of 1775 is minimal, regardless of whether the more precise “- CdT” 
data set (a), or the less precise but more elaborate “- townC” data set (b) is 
used. Almost all of the triangles are transparent or very lightly coloured, 
pointing to triangles of equal size. They are testimony to the high degree of 
geometric accuracy of Cassini de Thury’s measurements. More colour is present 
in Figures 3-14a and b comparing the triangles of the modern map with those 
of Ferraris’s Carte de cabinet. Perhaps surprisingly, the areal difference is still 
quite limited though. Most of the triangles with a slightly darker colour are 
situated in the western, southwestern and southeastern part of the more 
elaborate “- townC” data set network (b). In these regions, the triangles on the 
modern map can be both smaller (blue) or larger (red). Overall, this result 
demonstrates that through straightforward plane table surveying and without 
the support of a proper triangulation network, Ferraris and his artillerymen still 
managed to make the positioning of the main towns geometrically sound in the 
part of the Carte de cabinet studied in this chapter. This is quite an 
accomplishment given the simplicity of the adopted techniques. Lastly, the 
difference between the triangles of the modern map and those of Ferraris’s 
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Carte marchande, illustrated in Figures 3-15a and b, is the most pronounced of 
the three. Most discrepancies with the modern map are situated in the western 
part of the network, where the dominant colour is blue. This means that the 
triangles of the modern map are smaller here than the corresponding triangles 
on the Carte marchande. A similar pattern of areal increase on the Carte 
marchande towards the French border could be observed when comparing the 
triangles of this map to those of the Carte de cabinet (Figure 3-11). This makes 








(See next pages for Figures) 
Figures 3-13 a-b. Triangular net showing the base-2 logarithm of the area scaling σ of the 
triangles connecting towns on the modern topographic map (white points) with respect to the 
corresponding triangles connecting town postions listed in Cassini’s Relation of 1775 (grey 
points). 
Figure a uses the more precise “- CdT” data set, Figure b the less precise but more 
elaborate “- townC” data set. Both prove the projected coordinates from Cassini’s Relation 
are very accurate. 
Figures 3-14 a-b. Triangular net showing the base-2 logarithm of the area scaling σ of the 
triangles connecting towns on the modern topographic map (white points) with respect to the 
corresponding triangles connecting towns on Ferraris’s Carte de cabinet (red points). 
Figure a uses the more precise “- CdT” data set, Figure b the less precise but more 
elaborate “- townC” data set. Apart from some triangles at the extremities of the network, 
the relative town positions on Ferraris’s Carte de cabinet appear to be fairly accurate, as no 
major area scaling can be observed. 
Figure 3-15 a-b. Triangular net showing the base-2 logarithm of the area scaling σ of the 
triangles connecting towns on the modern topographic map (white points) with respect to the 
corresponding triangles connecting towns on Ferraris’s Carte marchande (green points). 
Figure a uses the more precise “- CdT” data set, Figure b the less precise but more 
elaborate “- townC” data set. The triangles display more area scaling than in Figures 3-13 
and 3-14, particularly in the western part of the network. 












Figures 3-14 a-b. 
 










A second technique, aimed more at judging the accuracy of Cassini’s 
triangulation proper, was to study the Euclidean distances between towns. The 
choice was made to specifically focus on those line segments that formed a side 
of one of Cassini’s first-order triangles. Furthermore, only towns for which the 
exact location of the measurement station was known were retained for this 
analysis, to ensure the different data sets were truly comparable. These criteria 
resulted in 20 distances being selected for investigation (Figure 3-16).  
 
  
Figure 3-16. Map showing the 20 line segments for which the distances were compared 
between the modern topographic map, Cassini’s Report of 1748 and his Relation of 1775, 
Ferraris’s Carte de cabinet and his Carte marchande.  
All line segments formed part of Cassini’s first-order triangulation network, as demonstrated 
here on the overview map included in Cassini’s Relation (see Figure 3-3 for the original 
map). 
Calculating these Euclidean distances based on the towns’ projected 
coordinates also offered an additional verification of Cassini’s work. The 
Frenchman first calculated the lengths of the sides of his triangles 
trigonometrically, and then used these distances to derive the towns’ projected 
coordinates. Doing the inverse makes it possible to check whether his original 
calculations to arrive at the projected coordinates were correct. An Excel table 
was used to calculate the Euclidean distances, the differences between the 
modern and the 18th century distance measurements, and the root mean square 
of these errors. The results are summarized in Table 3-3. Just like with the 
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triangular nets method, they reveal Cassini’s written geodetic data to have been 
remarkably accurate, Ferraris’s Carte de cabinet distinctly less so, while his 
Carte marchande is proven to be the least accurate of the three data sources.  
For Cassini’s written accounts, the results show that the distances listed in his 
Report of 1748 and Relation of 1775 are virtually identical to the distances that 
could be derived from the 1748 and 1775 projected coordinates, meaning 
Cassini’s calculations were correct.100 More importantly, the incredible accuracy 
of his measurements now becomes even more apparent. Over distances 
ranging from 15 to 48.5 kilometers, the root mean square of the differences 
between Cassini’s and modern-day distance measurements was not larger than 
59 meters (30 toises) for the 1775 data set (the 1748 data set is not complete so 
it is more difficult to pass judgment on it). For 13 of the 20 investigated 
distances, the difference was even smaller than 27 meters (14 toises). 
Considering that the measuring instruments at Cassini’s disposal were not yet 
as precise as they are today, that he was operating in hostile territory during 
wartime, and that we cannot be absolutely certain about the placement of the 
triangulation station points on the modern reference map, the smallness of the 
measurement errors is astonishing. The largest errors are found in the eastern 
part of the country (line segments 13 to 20). This seems logical, given that the 
baseline Cassini used for his triangulation of the Austrian Netherlands (a 
baseline connecting Dunkerque with the Signal des Dunes, see Figure 3-2b), is 
situated at the western extremity of the network. Furthermore, the triangles do 
not really form a true network east of Antwerp and Mechelen, but rather take 
the shape of a single chain of consecutive triangles. This method is of course 
more prone to measurement errors, because distances are no longer double-
checked by being included in two separate chains of triangles, as had for 
instance been the case for the line segments between Bruges and Ghent, and 
Mechelen and Antwerp. Finally, it is interesting to note that the adjustments 
Cassini made to his measurements between 1748 and 1775 did not always 
improve the end result. The majority of the distances in his Report of 1748 show 
a slightly better correspondence with the modern ones than those in his 
Relation of 1775 do. 
                                                                
100 The only exception is the distance between Bruges and Ghent that Cassini lists in his 
Report of 1748 (19,960), which differs by 46 toises from the distance that can be calculated 
from the towns’ projected coordinates (20,006). However, this line segment was included in 
two first-order triangle, making it entirely plausible that the difference in length reflects the 
different outcome in calculations for both triangles.   
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Moving on to Ferraris’s Carte de cabinet and Carte marchande, the table shows 
that the differences between the distance measurements on these maps and those 
on the modern topographical map were considerably larger than those for Cassini’s 
written accounts. Also, in contrast to Cassini’s measurement errors, no clear pattern 
could be discerned in the errors of either map by count de Ferraris. For the Carte 
de cabinet, the root mean square of the errors was 438 meters (225 toises), which 
corresponds to 3.8 cm on the scale of the map. The Carte marchande came in third 
most accurate, the root mean square of the differences with modern-day distances 
being 675 meters (347 toises), or 8 mm on the map.  
The results of both techniques that were used to compare the modern 
topographical map with the 18th century data sets thus demonstrate that the efforts 
of Ferraris and his men to make the Carte marchande coincide with the 
geometrically more accurate Carte de France paradoxically resulted in additional 
distortions. They forced the map to combine the geodetic data of two French 
source documents that were not compatible, seeing how the town positions in the 
central part of the Carte marchande are based on those of Cassini’s Nouvelle Carte, 
but the incorrect placement of the line supposedly situated 120,000 toises north of 
the perpendicular to the Paris meridian on this map means there is an average 
latitudinal discrepancy of 1,825 toises between the town positions on the Nouvelle 
Carte and those on the Carte de France. The Carte marchande attempts to balance 
out this difference by shifting town positions south in the vicinity of the French 
border. Unfortunately, this tinkering results in a map that is less accurate than the 
Carte de cabinet, where such efforts to establish a link with Cassini’s geodetic 





(See next page) 
Table 3-3. A comparison of the distance of 20 line segments on the modern topographic 
map, in Cassini’s Report of 1748 and Relation of 1775, and on Ferraris’s Carte de cabinet and 
Carte marchande. 
For reference, the third column lists the distances between the towns in meters. All other 
numbers are toises. The columns “Cassini - Report 1748 – list” and “Cassini - Relation 1775 
– list” contain the lengths of the line segments as detailed by Cassini in these documents, 
whereas the columns “Cassini - Report 1748 – calculated” and “Cassini - Relation 1775 – 
calculated” give the distances as they can be derived from the projected coordinates given 
in these documents. All the other columns with distances are also the result of calculations 
based on the projected coordinates. 





3.4 CONCLUSION: LINKING FERRARIS AND CASSINI 
The link between count de Ferraris’s maps and the triangulation network Cassini 
de Thury established in the Austrian Netherlands during the War of the Austrian 
Succession occupies a prominent place in scholarly debate on the maps’ 
geometric accuracy. However, discussion has for the most part been limited to 
very general statements on how Ferraris used Cassini’s triangulation, prompted 
by Cassini himself claiming so in his book Relation d’un voyage en Allemagne of 
1775, and Ferraris in turn acknowledging it on his Carte marchande. The 
research presented in this chapter, combining a reinterpretation of the archival 
record with new map analyses, has now demonstrated how Cassini’s 
contribution to Ferraris’s maps does not seem to have been as straightforward 
as earlier studies claimed.  
Claire Lemoine-Isabeau was probably wrong in stating that Ferraris and Cassini 
met in Paris in the autumn of 1771, and that Ferraris at that time received the 
data Cassini published in his book four years later. Contrary to her contention, a 
personal connection or any direct communication between both men seems 
improbable. Written records testify how access to the data was regulated by the 
French government. So, even if a meeting between Ferraris and Cassini did 
occur, it is almost impossible that Cassini would have been allowed to pass on 
the geodetic information he had collected for the French military without the 
consent of the minister of War. Researchers Maurice Arnould and Antoine De 
Smet appear to have been closer to the right track by not stressing any 
personal contacts between the two cartographers. They realized that Cassini’s 
Nouvelle Carte played an important role, but based this assumption solely on 
the fact that Ferraris refers to the map on his Carte marchande. Neither author 
ever attempted to prove this proposition by examining the maps themselves. 
Had they done so, they would have understood their relationship is not as 
derivative as they proclaim it to be. 
The French showed some reserve in responding to Ferraris’s request for maps 
and data, which was handled by the ministry and apparently took a long time to 
be granted, compelling Ferraris to resort to source material of inferior quality in 
the form of Cassini’s Nouvelle Carte. The map was used by Ferraris while 
planning his project on the Tableau and certainly influenced early mapping 
operations as is apparent on the Carte de cabinet and Carte marchande for the 
position of a number of towns surrounding Mechelen. It is possible Ferraris 
received a better version of Cassini’s findings at some point, since the 
Frenchman made such hints in the introduction to his book of 1775, but the 
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logistical difficulties of working with a very large staff would have made it sheer 
impossible for Ferraris to adjust the artillerists’ surveys accordingly. Later stages 
of the mapping on the Carte de cabinet and Carte marchande no longer show a 
resemblance to either Ferraris’s own plans as detailed on his Tableau or a form 
of Cassini’s data. The only exception is the region bordering France on 
Ferraris’s Carte marchande, where an obvious link with town positions in 
Cassini’s written accounts and/or on his Carte de France is manifest. To achieve 
this conformity, town positions on the Carte marchande were systematically 
shifted south in this region. This is not the case on Ferraris’s Carte de cabinet, 
which results in this map being more accurate than the smaller-scale Carte 
marchande. 
Count de Ferraris would have us believe he followed Cassini’s example 
rigorously, frequently mentioning his name and maps in his project proposal, in 
the report accompanying his Tableau, and in connection with his Carte 
marchande. However, this was clearly not true. Although Cassini’s geodetic 
data were proven to be extremely accurate compared to modern-day projected 
coordinates, Ferraris had no need to hold firmly to this French geodetic 
framework because he probably never intended to use it to improve the 
geometric accuracy of his own maps. The primary purpose of Ferraris’s name-
dropping seems to have been to promote his work to his superiors and to boost 
the sales of his Carte marchande by providing a link with the renowned 
cartographer Cassini and his Carte de France. Improving the marketability of his 
map must have preoccupied Ferraris, who had invested a considerable amount 
of his own money in the project. In this sense it is not at all surprising that it is 
precisely in the border region between the Austrian Netherlands and France 
that map analysis has demonstrated the best correspondence between 
Ferraris’s and Cassini’s town locations. People buying both maps would be able 
to see their congruity here and the more Ferraris could propagate the idea that 
his Carte marchande was an extension of the Carte de France, the more 
beneficial for the sales of his map. In this respect, Cassini’s geodetic 
contribution to Ferraris’s maps, although small, was clearly crucial to Ferraris. It 
is contradictory however, that it was precisely the attempt to make the Carte 
marchande match with the accurate positional data of the Carte de France that 





This chapter has demonstrated that the influence of Cassini’s triangulation 
network was minimal for the Carte de cabinet, while also suggesting that 
Ferraris and his men do not seem to have carried out a triangulation of their 
own. Nonetheless, the positional accuracy of a framework of towns covering a 
substantial part of the map was shown to be fairly accurate. The next chapter 
therefore aims to reconstruct the modus operandi of Ferraris’s artillerymen in 
more detail, in an attempt to uncover its influence on the Carte de cabinet’s 
accuracy on a more local scale. 
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NOTE ABOUT ADAPTATIONS MADE TO THE ORIGINAL PUBLISHED PAPER 
A general introduction to count de Ferraris and his mapping project was 
omitted from this chapter. The section with evidence from map analyses which 
originally only contained their main results was expanded with more detailed 
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4 
4. A STUDY OF THE LOCAL GEOMETRIC ACCURACY 
OF FERRARIS’S CARTE DE CABINET USING 




Modified from: Vervust, S., Claeys Boùùaert, M., De Baets, B., Van de Weghe, N., De Maeyer, P. 
(2016) A Study of the Local Geometric Accuracy of Count de Ferraris’s Carte de cabinet (1770s) using 
Differential Distortion Analysis. (Submitted to The Cartographic Journal). 
 
4.1 INTRODUCTION 
Ferraris’s mapping of the Austrian Netherlands is considered a milestone in the 
history of Belgian cartography. The Carte de cabinet’s large scale and 
corresponding semantic detail make it extremely suitable for both micro- and 
macro-investigations of the 18th century landscape. Furthermore, the map was 
created at a pivotal moment in time, at the end of the Ancien Régime, just 
before both the outlook of the landscape and the administrative structure of the 
territory changed dramatically because of the onset of the Industrial Revolution 
and the arrival of French rule. Consequently, the map constitutes a primary 
source of information for researchers in a wide variety of disciplines, from 
cartography and geography, over landscape studies and nature conservation to 
history and archaeology.  
The widespread scholarly use of the Carte de cabinet up to this day has led 
many to question and investigate the map’s quality, particularly in terms of its 
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geometric accuracy (i.e. the correctness of its distances, areas and angles).101 
Over the course of the previous century, several techniques have been 
developed to compute and visualise geometric distortion in old maps. All of 
these techniques are based on the comparison of the old map to a more recent 
reference map. Popular approaches include comparing lists of distances and 
angles on both maps, or visualising displacement vectors, distortion grids and 
triangular nets. For the Carte de cabinet, most research focusing on the 
determination and explanation of its accuracy was conducted several decades 
ago, in response to the publication of a reproduction on a scale of 1:25,000 of 
the Brussels copy of the map by the Gemeentekrediet between 1965 and 1974 
(Kabinetskaart, 1965-1974). These studies have their limitations, both in terms 
of their geographical extent (most only encompass one or several of the 275 
map sheets), as well as in terms of their technical capabilities (they do not make 
use of more recent techniques which feature better computation and 
visualisation possibilities). In fact, a large part of the research consists of purely 
qualitative comparisons between the Ferraris map and a modern-day 
counterpart. Still, in the absence of better alternatives, these studies continue to 
be cited regularly.  
In 2008, through a joint initiative of the Royal Library of Belgium (KBR) and the 
National Geographic Institute (NGI), the Brussels copy of the Carte de cabinet 
was scanned at high resolution and made available for consultation in both a 
digital and printed format via a website102 and an atlas published in 2009 (De 
grote atlas van Ferraris, 2009). Since these scans are of a much higher 
spectrometric and geometric quality than those created in the 1960s and 70s, 
they opened up new possibilities for research. This recently incited two different 
Belgian governmental agencies, AGIV 103  and DEMNA 104 , to respectively 
                                                                
101 Blakemore and Harley (1980) list three different aspects of a map's quality. Besides its 
geometric accuracy, they also distinguish its topographic accuracy, which concerns the 
completeness and correctness of the included geographical features, and its chronometric 
accuracy, which relates to the dating of the information on the map. 
102 See http://www.kbr.be/collections/cart_plan/ferraris/ferraris_nl.html 
103 In November 2013, the Agency for Geographical Information Flanders (AGIV) launched 
its new web portal Geopunt.be, through which a diverse range of geographical information 
is made available to the general public. The website also encompasses various 
georeferenced historical maps, including the Flemish part of the Carte de cabinet. This map 
was georeferenced by the private company Aquaterra. See: http://www.geopunt.be/kaart 
Since January 2016 the AGIV as such has ceased to exist. It has become part of the new 
agency Information Flanders – Informatie Vlaanderen (IV). 
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georeference all Flemish and Walloon map sheets of the Carte de cabinet, 
thereby creating two rectified maps that can be overlaid on a modern 
topographic map of Belgium (Figure 4-1).  
 
 
Figure 4-1. The georeferenced map sheets of Ferraris’s Carte de cabinet, on the Geopunt 
website for Flanders (top), and on the WalOnMap website for the Walloon region (bottom). 
In the process two data sets of ground control points were generated, linking 
points on the old and modern map. Together, these control points cover almost 
                                                                                                                                                         
104 In 2009, the Département de l’Etude du Milieu naturel et agricole (DEMNA) initiated a 
research project to determine the age of woodlands in the Walloon provinces of Belgium. 
Within this framework a range of old maps from the region were georeferenced, including 





the entirety of the Carte de cabinet with a high level of detail and therefore 
represent a new and unprecedented potential source of accuracy information. 
In this chapter, the data sets created through both georeferencing initiatives are 
used as the starting point for a more in-depth, widespread and quantitative 
examination of the accuracy of the Carte de cabinet. The goal of this research is 
not to merely quantify the distortion present in this map, but to also find a 
historical explanation for the geographical patterns in the locally measured 
levels of accuracy. Consequently, much work is devoted to computing and 
visualizing distortion at a fine enough scale to allow for such a detailed historical 
discussion. The high number of control points in the data sets, and the desire to 
compute distortions in an exact, local, quantitative and continuous way imply 
currently available techniques are unsuited for this task. To meet all these 
requirements, a new technique which is influenced by the treatment of 
distortions in map projection theory is used instead. It enables calculating and 
displaying the map’s local angular and surface distortions with a very high 
spatial resolution. Consequently, it makes is possible to identify trends in the 
obtained levels of accuracy and to relate these to the historical narrative of the 
Carte de cabinet’s production process. Hence, this study marks a giant leap 
forward from the geographically and technologically restricted studies that were 
performed in previous decades. 
The chapter is organized as follows. Section 4.2 starts with a dual state of the 
art: after describing previous research into the geometric accuracy of the 
Ferraris map (4.2.1), an overview is given of recent techniques for accuracy 
studies of old maps which are frequently cited in literature (4.2.2). Since these 
techniques fail to satisfy all our requirements, a new technique is adopted for 
this study, termed Differential Distortion Analysis. Its buildup and application to 
the Carte de cabinet are discussed in detail in Section 4.3, after which Section 
4.4 presents the results of the analysis by visualizing several of the computed 
distortion metrics. Finally, Section 4.5 consists of a dual discussion. Section 
4.5.1 endeavours to explain the relative differences in accuracy that have been 
identified by linking them to historical knowledge about the map’s production 
process. Section 4.5.2 compares the results with the findings of the previous 
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4.2 STATE OF THE ART 
4.2.1 RESEARCH INTO THE GEOMETRIC ACCURACY OF FERRARIS’S CARTE DE 
CABINET 
Previous distortion analyses of the Carte de cabinet can more or less be divided 
into two categories. First, several attempts have been made to give a general 
overview of the map sheet arrangement for the entire country, fitted into the 
national Belgian Lambert 72 coordinate reference system (Figure 4-2). The 
result of such an analysis was first featured in (A) Depuydt (1978, p.121; 1990, 
p.132), and mimicked a few years later by (B) Lemoine-Isabeau (1984, p.204-
205). Neither gives a detailed description of how these images were created. A 
more recent depiction of the map sheet arrangement is included in (C) Bracke 
(2009, p.19), who mentions that the vertices of each sheet were precisely 
located on a modern reference map of Belgium. Whereas Lemoine-Isabeau 
does not comment on the distortions of the arrangement she displays, Depuydt 
and Bracke both observe that the featured grid increasingly diverges from a 








Figure 4-2. The map sheet arrangement of Ferraris’s Carte de cabinet fitted into the Belgian 
Lambert 72 coordinate reference system, as depicted in A - Depuydt (1978, 1990), B -  
Lemoine-Isabeau (1984), C - Bracke (2009). 
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A second category of studies is much smaller in scope and zooms in on one or 
several map sheets to assess their geometric accuracy, either qualitatively or 
quantitatively. Among the most well-known qualitative research efforts are the 
case studies performed by Daels and Verhoeve (1963) in the Belgian province 
of West Flanders105 and those by Van der Haegen and Vanneste (1989) in the 
Belgian province of Limburg106. Both select several small areas of the Carte de 
cabinet and compare them visually with their counterparts on a modern 
reference map. Lemoine-Isabeau (1983, p.306-314) follows the same approach 
but does not include any images of the regions under study, making her 
assessment much harder to follow. Daels and Verhoeve identify 60 zones 
showing distortions for the area they investigate between Ostend and Ghent. 
All are less than 2 km² in size, amounting to a total of 88 distorted km² of the 
2500 km² under study or less than 3.5 % of the surface (Figure 4-3). In turn, Van 
der Haegen and Vanneste focus their attention on just three small localities on 
the border between the Campine and Hesbaye regions: Kermt, Stevoort and 
Zonhoven (Figure 4-4). They conclude that distortions are relatively small in the 
centres of these parishes but gradually increase further on, prompting them to 
postulate that Ferraris’s artillerists did not visit every place on the ground but 
rather mapped certain road sections from a central, elevated position, such as a 
church tower.  
The studies by Daels and Verhoeve, Van der Haegen and Vanneste, and 
Lemoine-Isabeau were performed several decades ago, which explains why 
they are limited both in scope and in terms of adopted techniques. Lemoine-
Isabeau (1983, p.306) explicitly posits how she sees just two possible 
approaches for judging the accuracy of an old map. The first consists of 
comparing the map graphically with a more recent map used as a reference - a 
technique she herself applied to the Carte de cabinet. The second technique 
considers the position of different places with respect to each other, expressed 
as longitudes and latitudes. It is emblematic of the state of the art at that time 
that she points out that such an approach is unthinkable in the case of the Carte 
de cabinet given its large dimensions and the absence of a graticule with 
geographical coordinates.  
                                                                
105 The study by Daels and Verhoeve (1963) encompasses the following Carte de cabinet 
map sheets: parts of 1, 2, 3, 4; the totality of 7, 8, 9, 10, 14, 15, 16, 17, 24, 25, 26, 27; and 
parts of 33, 34, 35, and 36. 
106 The study by Van der Haegen and Vanneste (1989) encompasses small parts of the 




Figure 4-3. Fig.1 from Daels and Verhoeve (1963), showing the entire region they studied and 
the 60 distorted zones (shaded) on the Carte de cabinet they identified. 
Seven of these zones are treated in detail in their paper, including figures comparing them 
on the Carte de cabinet and on a modern reference map. 
 
Figure 4-4. Fig.8 from Van der Haegen and Vanneste (1983), comparing the depiction of the 
town of Kermt on the Carte de cabinet and on a modern reference map. 
However, in spite of the more restricted computational capabilities in the past, 
some small-scale quantitative research was also carried out for the Carte de 
cabinet. The study still holding most relevance today is that of Mertens (1981), 
which used a very labour-intensive, analogue approach to compare the position 
of clearly identifiable reference points on the Carte de cabinet and on a modern 
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map for 14 map sheets.107 Mertens is rightfully wary of the fact that when using 
a regression technique, the accuracy of each ground control point on the map 
is dependent on the accuracy of all other points, thereby possibly introducing 
errors in parts of the map which were previously error free. He tries to minimize 
this issue by searching for a “correct” base line between two church towers on 
each map sheet to start his distortion analysis from. He finds the accuracy of the 
14 map sheets to vary greatly, without there being clear proof of regional 
patterns in the distortion, or a link with the time of surveying or the physical 
properties of the terrain. He does, however, formulate the hypothesis that there 
might be a correlation with the smaller plane table sheets that make up the 
regular map sheets of the Carte de cabinet (Figure 4-5). 
 
 
Figure 4-5. Fig.22 from Mertens (1981), showing the distorted zones (shaded) he identified on 
the 14 map sheets of the Carte de cabinet he studied (numbered). 
Mertens hypothesized that the shape of the distortions was linked to the shape and 
orientation of the Carte de cabinet’s plane table sheets. His reconstruction of the layout of 
these sheets is also shown (tilted grid).  
As the above overview demonstrates, the geometric accuracy of the Carte de 
cabinet has in the past quite often been the subject of study. However, the lack 
                                                                
107 The study by Mertens (1981) encompasses the following Carte de cabinet map sheets: 3, 
4, 15, 25, 29, 47, 49, 50, 83, 95, 108,112, 113, and 133. 
Chapter 4 
122 | 
of a systematic, detailed and quantitative accuracy assessment constitutes a 
glaring gap in previous research this chapter aims to fill. To determine the 
optimal way to perform such an analysis, the most prominently used techniques 
for evaluating the distortion of old maps will first be reviewed.  
 
4.2.2 PROMINENT DISTORTION ANALYSIS METHODS FOR STUDYING THE 
GEOMETRIC ACCURACY OF OLD MAPS 
Defining a distortion analysis method requires specifying three components: a 
modern reference map (whose errors are assumed to be negligible) to compare 
the old map against, an interpolation technique which relates any point on the 
reference map with the corresponding point on the old map (based on the 
ground control points), and a technique to compute and visualise distortion.  
The first step, selecting a suitable reference map, is often straightforward. For 
the second step, the choices for interpolation techniques are plentiful. The 
techniques can be divided into two categories: regression techniques such as 
affine transformations or shape-preserving Helmert transformations, which 
embody the general trend in the data, and true interpolation techniques such 
as multiquadratic and thin plate spline interpolation, where the function is exact 
at the control points. For the third step, popular techniques to compute and 
visualise distortion range from basic approaches comparing lists of distances 
and angles on an old and reference map, to more comprehensive techniques 
such as the visualisation of displacement vectors, distortion grids and triangular 
nets. We now zoom in on the most prominent ones (Table 4-1), and refer to 
Forstner and Oehrli (1998) for a comprehensive overview of all techniques in 
use at the end of the twentieth century. 
 
TECHNIQUE Exact Local Quantitative Continuous 
displacement vectors     
distortion grid     
triangular nets     
MapAnalyst ('local-affine' transformation)     
Differential Distortion Analysis     
Table 4-1. Overview of the properties of some techniques to compute and visualise 
distortion. 
The first four techniques are the most popular in literature. The last one is the technique 
used in this paper. It is the only one to hold all the properties that were experientially shown 
to be important for this particular study. 
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Displacement vectors are obtained by visualising the residuals of a Helmert 
transformation as arrows on the old map. The resulting vectors are often very 
heterogeneous in length and direction. Each vector visualises how much the 
location of the corresponding point on the old map differs from what one 
would expect based on the general trend, which is determined by all control 
points, thereby reducing the local character of this visualisation technique. 
Because its appearance is so strongly impacted by the preceding regression, 
this can result in misleading interpretations. For example, large distortions do 
not necessarily coincide with large vectors but rather correspond to a 
discontinuity between neighbouring vectors. Interpreting the distortion pattern 
can thus be a challenging task. Because of the influence of the general trend on 
the appearance of displacement vectors, such visualisations become impractical 
in case of large data sets like the one being studied here, where the general 
trend is more complex than a simple linear transformation. 
Distortion grids are drawn by transposing a rectangular grid from the reference 
map to the old map using the interpolation function. This yields a deformed 
grid that intelligibly visualises how the modern map should be warped to 
coincide with the old map, either exactly (for true interpolation) or 
approximately (for regression). Where displacement vectors only provide 
distortion information at the control points, this technique provides continuous 
information about every point (given the mesh size is fine enough). However, 
the distortion information is qualitative and must be interpreted by the 
researcher. Furthermore, the distorted areas are not emphasized, and detailed 
visualisations need many gridlines, which may compromise the visibility of the 
underlying map. 
Triangular nets are built by connecting the ground control points through a 
triangular network. Often, more information is displayed by altering the 
thickness of the edges or the colour of the faces of the triangles on the old map 
in accordance with their length scaling or area scaling with respect to the 
corresponding triangles on the reference map. This technique provides 
quantitative information, and by comparing the lengths and surface areas for 
every edge or triangle individually, it considers distortion as a local property, 
independent of the general trend. For large maps with complex distortions, this 
represents a big leap forward. Sadly, the distortion information of this technique 
is not truly continuous, but rather piecewise continuous, presented per triangle 
or edge. Although triangular nets are very useful, they are applied much less 
frequently than displacement vectors and distortion grids. However, their ability 
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to provide quantitative and local distortion information inspired a more recent 
technique, developed at the beginning of this century. 
Over the last decade, much progress has been made thanks to the work of 
Jenny et al., who introduced the dedicated, easy-to-use and open-source 
'MapAnalyst' software in 2005 (Jenny et al. (2007), Jenny and Hurni (2011)), 
which has been used by most of the more recent studies. This software tool 
includes a new distortion computation technique that provides local, 
quantitative and continuous distortion information. MapAnalyst takes a set of 
ground control points as input, and produces standard distortion visualizations 
such as displacement vectors and distortion grids. Additionally, using Jenny's 
distortion computation technique and employing a 'local-affine' transformation, 
MapAnalyst is able to compute measures of local distortion at a number of grid 
cells, such as measures of local scale factor and rotation angle.108 These can 
then be visualized on the map using isolines. Unfortunately, there are three 
important disadvantages to the MapAnalyst approach, which prevent us from 
using it for the Carte de cabinet. First, the specific algorithm used to compute 
these measures inevitably applies some form of spatial averaging. This makes 
its results approximate, but also prevents us from obtaining a sufficiently high 
spatial resolution to resolve distortions for the small extents at which they occur 
on the map. Second, it was not built to deal with the high number of control 
points identified by AGIV and DEMNA. Lastly, visualisation through isolines is 
impractical for complex distortion patterns like the ones that are present on the 
Carte de cabinet. 
 
4.3 METHODOLOGY 
4.3.1 THE DISTORTION ANALYSIS METHOD USED FOR THIS STUDY 
The ideal technique for this study should be able to compute local, continuous 
distortion measures without spatial averaging. Interestingly, in the field of 
cartographic map projections, distortions have been treated in such a way for 
multiple centuries. Tobler and Beineke have proposed to use techniques from 
                                                                
108 The affine transformations are ‘local’, because they are performed at every cell, taking 
into account only those ground control points within a specified radius of the cell’s centre, 
and additionally weighing each control point as function of its distance to the cell. 
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map projection theory for the study of distortions in old maps (Tobler (1994 and 
1976), Beineke (2007)). Claeys Boùùaert et al. (2016) developed this idea into a 
new technique, called 'Differential Distortion Analysis', and embedded it in a 
distortion analysis method. Based on a set of control points, this technique 
computes local, continuous distortion measures without any form of spatial 
averaging, by inspecting the local behaviour of a thin plate spline interpolation 
function. More specifically, by investigating the partial derivatives of the 
function at every point, the technique computes how much an infinitesimal 
surface element is scaled or sheared when transferred from the reference map 
to the old map. The technique yields distortion measures similar to those used 
in map projection theory, such as the area scale factor, the maximum angular 
distortion, and the so-called Airy-Kavrayskiy measure of distortion, combining 
both effects. Compared to the distortion analysis used in map projection 
theory, the interpolation function now takes the place of the map projection 
function, and the equations are adapted to consider a flat surface being 
interpolated to a flat surface instead of a curved surface being projected onto a 
flat surface. The technique is readily applicable to evaluate the distortion of any 
map. 
 
4.3.2 DATA SETS 
Both the AGIV and DEMNA data set use the 'Belgian Lambert 72' (epsg:31370) 
coordinate reference system when listing control points on the reference map, 
and use their own ad-hoc reference system when listing control points on the 
Brussels copy of the Carte de cabinet. The vast majority of these control points 
in both the AGIV and DEMNA data set were identified on the road network. 
The AGIV data set features 24,953 control points on the 112 sheets that overlay 
modern-day Flanders, and covers roughly 15,398 km2 with an average density 
of 1.62 points per km2 (Figure 4-6a). The DEMNA data set features 4,935 
control points on the 146 sheets that overlay Wallonia, and covers roughly 
20,058 km2 with an average density of 0.24 points per km2 (Figure 4-6b). The 
density in the AGIV data set is 6.58 times that in the DEMNA data set, or, 
equivalently, the density in the latter is only 15.1% of that in the former. Both 
georeferencing initiatives only took into account areas lying both within the 
boundaries of the Austrian Netherlands and within current-day Belgium. Apart 
from some boundary territories and enclaves/exclaves, the most notable 
omission is the Grand Duchy of Luxemburg, which was part of the Luxemburg 
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province of the Austrian Netherlands. Both procedures continued to identify 
points across the Flemish-Walloon border, so that 32 sheets covering this 
border were georeferenced twice. 
 
       
Figure 4-6. Ground control point density in the AGIV data set (a) and DEMNA data set (b). 
Also visualized are the map sheet arrangement of the Carte de cabinet and the current 
Belgian border. The density measure was obtained using the Heatmap tool in QGIS with a 
quartic kernel and 5,000 meter search radius. The AGIV data set is, on average, 6.58 times 
denser than the DEMNA data set.  
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To allow a coherent analysis of the Carte de cabinet’s accuracy throughout the 
entire territory of Belgium, a new data set was created through the merger of 
the AGIV and DEMNA data sets. It was identified that, within a 10-meter margin 
of error, 336 reference map control points were used in both data sets. 
Assuming that the corresponding Ferraris map control points should coincide 
for both data sets, the DEMNA Ferraris map control points were transformed 
from their own ad-hoc reference system to the ad-hoc reference system 
employed for the AGIV Ferraris map control points, using an affine 
transformation109. Then, the Ferraris map was partitioned creating a northern 
and southern part, whose border cuts through the doubly georeferenced 
sheets. Subsequently, a new joint data set was created using all Ferraris map 
control points of the DEMNA data set to the south of the border line, and a 
randomly selected 15% of the Ferraris map control points of the AGIV data set 
to the north of the border line. Finally, the corresponding reference map control 
points were selected and added to this new data set. The resulting 
AGIV+DEMNA data set features 7484 control points on the 226 sheets that 
overlay modern-day Belgium, and covers roughly 29,219 km2 with an average 
density of 0.25 points per km2. 
 
4.3.3 PRE-PROCESSING: PROJECTION, DATUM AND SCALE 
In order to study the accuracy of an old map, it must be compared with a 
modern reference map in the same projection. Therefore, the coordinate 
reference system of the Carte de cabinet needs to be determined. It can be 
hypothesised that Ferraris either used a map construction approach similar to 
the one Cassini de Thury devised for his 18th century Carte de France, and 
hence employed the same coordinate reference system (using a Cassini 
projection), or that the map was constructed without taking projections into 
account. In the former case, the reference map control points should be 
transformed to a Cassini projection. In the latter case, a projection should be 
                                                                
109 The logical option would have been to use a shape-preserving Helmert transformation. 
However, an affine transformation was necessary in this case because when private 
company Aquaterra georeferenced the Flemish map sheets of the Carte de cabinet, they 
used an affine transformation to first transform the pixel coordinates of the scanned map 
sheets to their own ad-hoc reference system coordinates. This ensured the map sheets were 
already more or less correctly positioned on a modern reference map of Flanders in the 
Lambert 72 coordinate reference system when the georeferencing started. 
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used that has negligible local distortion in the region under consideration, such 
as the 'Belgian Lambert 72' (epsg: 31370) coordinate reference system. For the 
Austrian Netherlands, the local distortions obtained when transforming 
between the Cassini and Lambert 72 system are very small (area scale factor 
and maximum angular distortion < 10-4) when compared to the distortions that 
will be obtained further on for the Carte de cabinet. Hence, the choice between 
both has little impact. Since the previous chapter demonstrated that Ferraris’s 
Carte marchande and Tableau were constructed following the same principles 
as Cassini’s Carte de France, a similar French influence can be presumed for the 
Carte de cabinet and therefore the reference map control points were 
transformed to a Cassini projection prior to analysis. 
Timár et al. (2014) derived the parameters of the coordinate reference system 
used for the Cassini map series of France.110 The result, written conform the 
'proj4' string format for reference systems, is given by: 
+proj=cass +lon_0=2d20m13.95s +lat_0=48d50m10s +a=6372056 +b=6372056 
+towgs84=11986,439,-18438 +no_defs 
Thus, two data sets were prepared for the analysis: the AGIV data set with 
24,953 ground control points and the AGIV+DEMNA data set with 7,484 
ground control points. Both data sets have reference map control point 
coordinates in the Cassini coordinate reference system and old map control 
point coordinates in an ad-hoc projection used by AGIV (in which they have the 
same scale as the reference point coordinates). 
 
4.3.4 PROCESSING 
Claeys Boùùaert et al. (2016) implemented their method to compute local 
distortion using Differential Distortion Analysis in a Matlab/Octave function.111 
The function takes the coordinates of the ground control points on the 
reference map and the old map as input, and outputs a file listing the distortion 
at a large number of points on the old map. First, it constructs a thin plate 
spline interpolation from the reference map to the old map using the control 
                                                                
110 For more information, see p.96. 
111 The Matlab/Octave implementation of Differential Distortion Analysis, as it was used in 
this paper, is available as open-source code at: 
 https://github.com/mclaeysb/distortionAnalysis 
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points. Then, it creates a rectangular grid of points on the reference map at 
which the distortion values will be computed. The resolution of this grid is an 
important parameter in the analysis method. It was set at 500 meters for both 
data sets (this will be justified this further on). Subsequently, the interpolation 
function is used to compute the corresponding points on the old map. The grid 
connecting these points is the classical 'distortion grid' described above. Then, 
the partial derivatives of the interpolation function are computed at these old 
map grid points and at the old map ground control points. To conclude, a 
series of intermediate and final variables is computed at all these points: the so-
called Gaussian fundamental quantities, the main axes and orientation of the 
Tissot indicatrices, the area scale factor σ, the maximum angular distortion 2Ω 
and the Airy-Kavrayskiy measure of distortion. These quantities are a function of 
the points on the reference map, and the resulting values are valid at the 
corresponding points on the old map. The final result is a text-file listing grid 
points and ground control points on the old map with their coordinates and 
their distortion values. 
The size of the data sets prompted us to adjust the Matlab function slightly. By 
default, Matlab's 'tpaps' function, which is used to compute the thin plate 
spline, employs an approximate, iterative approach (the 'Generalized Minimal 
Residual Method') if more than 729 = 36 control points are listed, to avoid use 
of out-of-core memory on standard machines. For this study, however, we had 
access to the Stevin Supercomputer Infrastructure at Ghent University, whose 
computing nodes feature virtual memory of up to 64 GB. This allowed us to 
adapt the 'tpaps' function and force it to compute the thin plate spline exactly 
for our 24,953 and 7,484 points. Depending on the number of ground control 
points, the extent of the map and the resolution of the employed grid, the most 
expensive step is either computing the thin plate spline interpolation or 
evaluating the interpolation and its partial derivatives at the grid points. 
However, it should be stressed that even though the cubic computational 
complexity of computing a thin plate spline complicates the use of the 
technique for large data sets like the ones in this study, the method does not 
require supercomputer infrastructure for average sized data sets. 
 
4.3.5 POST-PROCESSING 
In order to visualise the distortion of the Carte de cabinet as a continuous 
surface in a GIS application, the pointwise distortion data are interpolated. 
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Using a 'triangular interpolation' (TIN), a raster image is created for each of the 
distortion measures. The resolution of these raster images was set at 20 meters 
for the AGIV data set and 100 meters for the AGIV+DEMNA data set. The 
resulting raster images are then coloured using colour ramps, whose ranges 
were determined by taking the obtained distortion measures into account. 
Table 4-2 displays some summary statistics of the distortion measures obtained 
in the analysis based on the AGIV data set; the corresponding values for the 
analysis based on the AGIV+DEMNA data set are similar. Hence, the raster 
images for the AGIV and AGIV+DEMNA data set use the same colour ramps, 
based on the 'mean' and 'standard deviation' values of Table 4-2. 
 
measure  mean st.dev. min max 
displacement vector length [meter]  1093 671 9 5494 
base-2 logarithm of area scale factor log2(σ) -0.008 0.203 -7.921 3.657 
maximum angular distortion [rad] 2Ω 0.129 0.120 0.000 2.867 
Table 4-2. Summary statistics describing the distortion measures computed at the grid points 
and ground control points in the analysis of the Carte de cabinet based on the AGIV data set. 
For the area scaling, a linear colour ramp [blue–transparent–red] indicates that 
the area is displayed at smaller, equal or larger size on the old map. It is not the 
area scale factor σ itself which is plotted, but its base-2 logarithm. This way, 
shrinking or enlarging an area by the same factor is displayed as an equally 
large distortion: a value for log2(σ) of -1 or 1 indicates the compression or 
expansion of the modern reference map by a factor 2, while a value of 0 
indicates the absence of area distortion. A linear colour ramp [transparent–
green] is used for low to high values of the maximum angular distortion 2Ω, 
which is expressed in radians. 
For completeness, it should be noted that with both data sets, the interpolation 
functions feature a handful of small cases of so-called ‘foldover’. This 
phenomenon occurs when the placement of a control point differs so much 
between the old and reference map, that the distortion grid is forced to fold 
over itself. Mathematically, this is expressed by a flip in the sign of the 
interpolation's Jacobian determinant, and results in the interpolation function 
not being invertible. Only in case the distortion measures are evaluated at a 
finer scale than the foldover will this have consequences of practical 
importance, in the sense that complications can then arise when interpolating 
the distortion values. For the Carte de cabinet this did not happen. Only very 
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few cases of foldover occur on the map and these cases have a very limited 
spatial extent, resulting from two control points lying very near to each other. 
Since the effects on the interpolation are so minimal for the Carte de cabinet, 
this phenomenon can be neglected. 
During the analysis process it was necessary to specify a resolution on two 
occasions: for the calculation of the distortions (500 meters) and for the 
interpolation of the results (20 meters for the AGIV and 100 meters for the 
AGIV+DEMNA data set). As is always the case when resolutions are involved, 
one can only identify distortions of which the spatial extent is larger than the 
chosen spatial resolution. Of course, finer resolution entails better resolving 
power but also more expensive computations. By computing the distortion at a 
finer density (every 500 meters, equaling 4 distortion points per km²) than the 
average ground control point density (1.62 ground control points per km² for 
the denser AGIV data set), and interpolating the result at an even finer density 
(20 and 100 meters, equaling 2500 and 100 points per km²), the spatial detail of 
the final result is only determined by the density of the ground control points, 
and not by the computation. This can be observed by comparing Figures 4-7a 
and b and Figures 4-7c and d, displaying the distortion as computed from the 
AGIV and AGIV+DEMNA data sets respectively: in the former, distortion is 
more detailed and distortion values are higher due to its higher density of 
control points. The same is visible on larger scales, when comparing areas with 
high and low local density of control points. Technically, when more control 
points are defined, the interpolation function must increasingly bend itself to 
comply with them, producing higher partial derivatives and thus higher 
distortion values. However, this gives rise to a paradoxical effect. In areas that 
were, for some historical reason, mapped with less care or precision, it can be 
harder to identify control points because certain topographical elements may 
be missing or fictional elements may have been added. Even though the 
resulting distortions are often larger in those regions, they will be 
underestimated due to the lower control point density. It is therefore important 
to keep in mind that our distortion analysis method was designed to describe 
geometric accuracy based on ground control point input, and is not able to 
identify errors such as the absence or fictional addition of certain topographical 
features, which may occur in less carefully mapped areas. However, this effect 
can be taken into account inversely by trying to gauge the local quality of detail 
in a map using the local density of control points in Figure 4-6. This of course 
only yields indicative results, since it makes some crude assumptions regarding 
the way control points were identified. Considered in a general way, regions 
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with low point density are presumably areas that were mapped with less care. 
The most striking example of such a low density-region is situated in the eastern 
part of modern-day Flanders (Figure 4-6a). At the time of count de Ferraris, this 
area was part of the Prince-Bishopric of Liège. Its distortions are treated more in 
detail in Section 4.5.1.4. 
 
4.4 RESULTS 
This section displays the raster images resulting from the Differential Distortion 
Analysis. First the visualization of the area scale factor σ and the maximum 
angular distortion 2Ω are shown for the entire AGIV (Figures 4-7a-b) and 
AGIV+DEMNA data sets (Figures 4-7c-d), before zooming in on a specific 
region (Figure 4-8). For this smaller region, the area scale factor σ and the 
maximum angular distortion 2Ω are again shown (Figures 4-8a-b), but the 
results of two other distortion computation and visualization techniques are also 
displayed for comparison: displacement vectors and a distortion grid (Figures 4-
8c-d). Figure 4-8 demonstrates that local distortions can be understood much 
more intuitively using the visualizations of the Differential Distortion Analysis 
technique than through the visualizations of these other techniques. 
Furthermore, if instead of the four maps sheets featured in Figure 4-8 all 226 
map sheets of the AGIV+DEMNA data set are taken into account, the difficulty 
of interpreting the distortions using displacement vectors or a distortion grid 
becomes even more pronounced. 
 
(See next pages for Figures) 
Figures 4-7a and b. Area distortion (a) and angular distortion (b) in the AGIV data set. 
Map sheet arrangement of the northern part of the Carte de cabinet showing the current 
Belgian border and different distortion measures as computed from the AGIV data set 
through Differential Distortion Analysis: the base-2 logarithm of the area scale factor σ (a), 
and the maximum angular distortion 2Ω [rad] (b). 
Figures 4-7c and d. Area distortion (c) and angular distortion (d) in the AGIV+DEMNA data 
set. 
Map sheet arrangement of the entire Carte de cabinet showing the current Belgian border 
and different distortion measures as computed from the AGIV+DEMNA data set through 
Differential Distortion Analysis: the base-2 logarithm of the area scale factor σ (c), and the 
maximum angular distortion 2Ω [rad] (d). As the density of the ground control points is 
higher for the AGIV data set than for the AGIV+DEMNA data set, the distortions display 
more spatial detail and their values are higher in Figures 4-7a-b than in Figures 4-7c-d for 
the same map sheets.   














Figures 4-8. Different distortion measures as computed from the AGIV data set for Carte de 
cabinet map sheets 111, 112, 131, 132. 
The base-2 logarithm of the area scale factor σ (a) and the maximum angular distortion 2Ω 
[rad] (b) result from the Differential Distortion Analysis. The smaller grey grid cells (a-b) 
indicate the Carte de cabinet’s plane table sheets. Their link with the observed distortions 





In addition, displacement vectors with respect to a Helmert transformation (c) and the 
distortion grid showing how the modern map must be warped to fit onto the old map (d) 
are also displayed. The visualisations of both these distortion techniques are more difficult 
to interpret than the results obtained with the Differential Distortion Analysis. 
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4.5 DISCUSSION 
The computation and visualization of the exact, local distortions of the Carte de 
cabinet allow us to study their locations, sizes and patterns, and to investigate 
their link with the map’s production process. Both the influence of 
methodological aspects (surveying technique, use of existing maps), and of 
internal and external factors (personnel employed for surveying, order of the 
surveys, amount of time taken, interaction with local authorities) will be taken 
into consideration. This first part of the discussion will focus on the general 
trends in the data set and pass judgment on the overall accuracy of the map. In 
the second part, the findings of previous research will be subjected to a critical 
examination. Since most of this research studied smaller areas of the map, focus 
will shift in this section from a general to a more detailed level. 
4.5.1 LINKING RESULTS TO HISTORICAL FACTS ABOUT THE MAP PRODUCTION 
PROCESS 
4.5.1.1 Personnel 
The creation of the map was entrusted to the members of the artillery corps of 
the Austrian Netherlands and their director-general, count de Ferraris. These 
men were stationed in Mechelen, where they had also received their training in 
the École de Mathématiques du Corps d’Artillerie.112 Many of the officers who 
taught courses there also played a major role in the realization of the Carte de 
                                                                
112 Ferraris’s project proposal specifically mentions the involvement of the students of this 
school in the mapping project (Brussels, AGR, SEG 2273, f.52): « L’on peut employer 
actuellement, sous la conduite d’un capitaine directeur, au moins soixante sujets formés à la 
théorie dans l’école de mathématiques établie … au corps d’artillerie, qui depuis se sont 
fortifies dans la pratique pendant les levées de différens terrains ordonnées par V.A.R. les 
années dernières …». 
This is also the case in the prospectus promoting Ferraris’s Carte marchande (as reproduced 
in Hennequin 1891, doc. photolith. No.VI): « Leurs Majestés Impériales et Royales ont 
chargé de cet important ouvrage le Comte de Ferraris, Lieutenant-Général de leurs Armées, 
en lui permettant de tirer d’une École de Mathématiques qui étoit sous ses orders au Corps 
d’Artillerie des Pays-Bas, les sujets propres à remplir cet objet. Ces sujets, dirigés par les 
officiers les plus capables de ce corps ont levé sous leurs yeux la Carte générale des 
Provinces Autrichiennes dans les Pays-Bas … ». 
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cabinet. 113  It is not known exactly what the training of the artillerists 
encompassed, only that the students were divided into three classes of which 
the first studied geometry (Lemoine-Isabeau 1969, pp.73-75).  
To ensure they were up to the task of surveying the entire country, the 
artillerists’ abilities had first also been tested in the field by Charles de Lorraine, 
the governor of the Austrian Netherlands and the brother-in-law of Empress 
Maria-Theresa. As a trial run, the artillerymen were ordered to map the Sonian 
Forest, a wooded and hilly area to the southeast of Brussels, on a scale of 
1:11,520. They completed this assignment between 1767 and 1769. Pleased 
with the achieved results, Charles de Lorraine convinced Ferraris to submit a 
project proposal to the Habsburg court in 1769 for the mapping of the Austrian 
Netherlands, and helped promote it in Vienna (Lemoine-Isabeau 1984, p.63). 
When reviewing Ferraris’s mapping project proposal in February 1770, the 
Habsburg state chancellor and principal adviser to the Empress, prince von 
Kaunitz, expressed some doubts about the artillery corps’s ability to produce a 
detailed and accurate map of the country. According to him, surveying and 
map design should normally be the responsibilities of the military engineers.114 
In this case however, preference was given to the artillery for several reasons. 
First, Empress Maria Theresa had enlisted the help of Charles de Lorraine in the 
search for suitable candidates to head the mapping project. During the Seven 
Years’ War (1756-1763) count de Ferraris had served in the regiment of Charles 
de Lorraine and both men were on good terms. A second and more pressing 
reason to opt for the artillery corps was this meant work would be directed away 
from the engineering corps, who could continue their other mapmaking efforts, 
especially along the borders with France. In the eyes of von Kaunitz, this 
cartographic project, which resulted from the border treaty concluded with 
France on 16 May 1769, could no longer be postponed, and there were simply 
too few military engineers to complete both tasks at the same time.115 What’s 
more, even if all the engineers would have been available, there still would not 
                                                                
113  This concerns in particular captain Lépold-François Cogeur (who also founded the 
school in 1763), lieutenant Damien-Joseph Gillis (who was promoted to captain and 
became the school’s director in 1775), sub-lieutenant Hubert-Joseph Navez, and engineer 
Jean-Nicolas Marchal (Lemoine-Isabeau 1969). 
114 State chancellor von Kaunitz to Empress Maria-Theresa, 22 February 1770 (Brussels, 
AGR, CAPB 476, D98/C11/N19) (reproduced in Gachard 1843, Pièce justificative V). 
115 See note 114. 
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nearly have been enough men to complete the mapping of the Austrian 
Netherlands within the proposed restricted timeframe, their total number being 
28 or 29 officers in 1771 (Lemoine-Isabeau 1984, p.32). In contrast, the total 
number of artillerists was far greater (813 men in 1767, and somewhere 
between 400 and 500 men from 1772 to 1774, after a reorganization of the 
corps), because unlike the engineering corps, the artillery corps consisted not 
only of officers but also of regular soldiers. In 1767, there was a staff of 18 men 
and 12 companies of 61 to 82 men (Lemoine-Isabeau 1983, pp.259-264; 
Lemoine-Isabeau 1984, pp.31-32). 
In his mapping project proposal, Ferraris had envisioned working with a team of 
69 men and finishing the surveys by the end of 1773, so within a three-year time 
span.116 In reality however, surveys were only completed in December 1774, 
and the number of involved artillerymen rose from 97 men in 1771 to 124 men 
in 1772, 151 men in 1773, and 178 men by 1774. This always included one 
captain (first Léopold-François Cogeur, then Damien-Joseph Gillis), one 
lieutenant (Gillis until his promotion to captain), one sub-lieutenant (Peter Wirtz), 
and a majority of corporals, artificers, cadets and cannoneers. These numbers 
only concern the military personnel carrying out the surveys, not the civilians 
enlisted locally to help them. They also do not take into account the unknown 
number of military men or civilians working in the offices in Mechelen, who 
collected the drawings and notes from the terrain work, assembled and copied 
them to create the finished map sheets of the Carte de cabinet, and resized, 
engraved and printed them to create the Carte marchande (Lemoine-Isabeau 
1983, pp.261-264).  
The size of the survey personnel underlines the magnitude of Ferraris’s 
undertaking, especially in comparison with some contemporary cartographic 
projects. For example, the maximum number of engineers working 
simultaneously on Cassini de Thury’s Carte de France (1:86,400) was 
somewhere between 20 and 29 men from 1756 to 1760 (Pelletier 2013, pp.178 
and Annexe II). Approximately 13 military engineers were employed for the 
mapping of the northern part of the Austrian Netherlands with the help of 
Cassini de Thury from 1745 to 1748 (1:14,400). The inclusion of their assisting 
staff brings the total number of men involved in these surveys to about 50 
(Lemoine-Isabeau 1983, pp.166-171). In his project proposal for mapping the 
                                                                
116 Appendix of Ferraris’s project proposal, entitled Moyens pour lever à peu de frais une 
carte générale des Pays-Bas autrichiens (Brussels, AGR, SEG 2273, f.53-56 (art.2 and 3)) 
(reproduced in Gachard 1843, Pièce justificative III). 
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Austrian Netherlands (1:14,400), the French colonel baron de Bon had 
envisaged the entire staff to consist of 46 men, of which 2 brigades made up of 
1 chief, 4 engineers, and 15 soldiers would do the actual surveying work in a 
time span of 6 years.117 Finally, at the height of the fieldwork in the 1750s, the 
survey personnel for the Roy Military Survey of Scotland (1747-1755) numbered 
about 60, comprising 7 survey parties consisting of 1 engineer, 1 officer and 6 
soldiers. Unlike the three mapping projects just mentioned, this undertaking did 
not involve a triangulation, the end result being rather a military sketch than a 
very accurate map (1:36,000) (Hodson 2007, pp.8-12). 
We know that Ferraris’s artillerymen worked in « départements » or brigades of 
5 or 6 men to carry out the surveys thanks to a letter from count de Ferraris’s 
lieutenant Damien Gillis to the Hainaut States pensionary Losson.118 This letter 
also informs us that it usually took one department 6 to 8 days to finish 
surveying one village. Based on these numbers, Arnould (1972, pp.224-225, 
footnote 68) makes the following interesting estimation: 
- In his project proposal, count de Ferraris anticipated that weather 
conditions would allow for 8 months of surveying each year.119 We know 
that terrain surveys lasted a little over 4 years, so this equals approximately 
32 months.  
- On average, one department spent one week surveying one village, 
meaning each department should be able to survey 128 villages in 4 years. 
- The Austrian Netherlands consisted of approximately 3,100 localities. 
- It would thus require 24 departments of 5 or 6 men to survey all the 
localities of the Austrian Netherlands within 4 years.  
This equals 121 to 145 men, which seems to be a very realistic estimate, given 
that it closely resembles the number of troops that was indeed engaged in the 
surveys from 1772 onwards. Consequently, we can only concur with Arnould’s 
point of view, seeing this as strong evidence that the artillerists visited and 
                                                                
117 Apperçu des Moyens de lever géométriquement une Carte générale et Militaire du 
Gouvernement des Païs-Bas, 1764 (Brussels, AGR, SEG 2724) (reproduced in Lemoine-
Isabeau 1984, pp.186-195). 
118 Damien Gillis to the Hainaut States pensionary Losson, 29 August 1773 (Mons, Archives 
de l’État, Archives locales, R4). 
119 Appendix of Ferraris’s project proposal, entitled Moyens pour lever à peu de frais une 
carte générale des Pays-Bas autrichiens (Brussels, AGR, SEG 2273, f.53-56 (art.2)) 
(reproduced in Gachard 1843, Pièce justificative III). 
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mapped every locality in the country themselves, instead of copying information 
from existing maps. This idea will be further developed in Section 4.5.1.5. 
4.5.1.2 Surveying technique 
The surveying methods adopted by the artillerymen seem to have been quite 
straightforward: their most important pieces of equipment were measuring 
chains, plane tables, and attached square sheets of paper to draw on (De Smet 
1974, pp.348-351). To perform a plane table survey, first a base line would be 
measured by means of a measuring chain and plotted on paper to the desired 
scale. Next, the table would be set up over one of the end points of the base 
line and levelled horizontally. The drawing sheet would then be attached to its 
surface and an alidade would be used to sight objects of interest and to plot 
the rays of sight on the paper. Finally the table would be set up at the opposite 
extremity of the base line and new rays would be plotted to the same objects of 
interest, thereby creating intersections where the objects should be drawn on 
the map. The table could then be moved again, and so on, with the map 
gradually taking shape by the addition of further points. Surveying and plotting 
thus became a single operation, conducted in the field (Figures 4-9 and 4-10) 
(Andrews 2009, pp.139-141). 
 
Figure 4-9. Surveyor using a plane table. 
Giovanni Giacomo Marinoni,  
De re ichnographica cuius hodierna praxis 





Figure 4-10. Successive plane table stations at each end of a measured base. 
Leonard Zubler, Fabrica et usus instrumenti chorographici (Basel, 1607). 
Given the size of the survey area, an optional preliminary procedure would have 
been to perform a triangulated survey.120 A triangulation starts with the precise 
measurement of one strategically chosen base line, onto which a chain of 
triangles is successively attached, connecting the area's key locations. The 
triangles' angles are measured and recorded in a book, after which the lengths 
of the sides of the triangles can be calculated at a later stage from these angles 
using the laws of trigonometry. The network of precisely located points can 
then be used as a backbone within which topographic details can be inserted 
(Andrews 2009, pp.136-139). As already mentioned in the previous chapter, 
Ferraris specified in his project proposal of 1769 that it was not his intention to 
                                                                
120 When we use the terms “triangulated survey” or “triangulation”, we specifically refer to a 
triangulation where the length of every line in the system is determined by trigonometrical 
calculation. In principle, plane tabling also constitutes a form of triangulation, but here 
lengths are determined graphically by measurement from the triangles as plotted on paper 
(Andrews 2009, p.138). 
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perform a meticulous triangulation himself, because of time constraints. 121 
Instead, he suggested to request copies from the French government of the 
maps the French ingénieurs-géographes had made of the Austrian Netherlands 
during the War of the Austrian Succession (1740-1748) and the Seven Year’s 
War (1756-1763). After having verified those maps in the field, a net of triangles 
would be distilled from the positions of the country’s most important places. 
Then all that would be left to do would be to fill in those triangles with 
topographical details by plane tabling.  However, the research expounded in 
the previous chapter has demonstrated that Ferraris was never able to 
incorporate the French data into his own maps as he apparently intended, and 
that in fact no triangulation was implemented for the Carte de cabinet.122  
Ferraris went on to enumerate the plane table’s advantages over more 
sophisticated angle-measuring instruments like the graphometer in his project 
proposal. 123 He mentioned how plane tabling allows for the survey to be 
directly plotted on a map, which means that errors become apparent 
immediately and can be rectified on site, as was demonstrated when surveying 
the Sonian Forest124. By contrast, instruments like a graphometer, whose circular 
gradations are rarely precise, make it necessary to perform trigonometrical 
calculations at a later stage. These are not only subject to rounding errors, but 
                                                                
121 Memoir of Ferraris to governor Charles de Lorraine, 1769 (Brussels, AGR, SEG 2273, f.49-
52) (reproduced in Gachard 1843, Pièce justificative II). 
122 Based on the idea that the Carte de cabinet was supported by French triangulation data, 
Arnould (1972, pp.229-230) hypothesized the map might be less distorted south of the 
rivers Sambre and Meuse. Because Cassini de Thury’s triangulation covered only the region 
north of these rivers, Arnould believed the artillerymen would not have been forced to 
make their plane table surveys coincide with French town positions in the south of the 
country, resulting in fewer distortions. However, the results of the Differential Distortion 
Analysis show no evidence of distinctly different distortion patterns north and south of the 
Sambre and Meuse. Even if this had been the case, it could not have been the result of any 
effort to match town positions in the north to French triangulation data, as map analysis in 
the previous chapter has proven. 
123 Appendix of Ferraris’s project proposal, entitled Moyens pour lever à peu de frais une 
carte générale des Pays-Bas autrichiens (Brussels, AGR, SEG 2273, f.53-56 (art.1)) 
(reproduced in Gachard 1843, Pièce justificative III). 
124 Further support for the use of a basic surveying method which primarily relied on plane 
tabling comes from archival documents listing the expenses for the mapping of the Sonian 
Forest (Brussels, AGR, SEG 2273 BIS, f.58-59). The mentioned equipment consists merely of 
measuring chains, surveying poles, pairs of dividers, compasses, sectors, plane tables and 




can also be very confusing when there is a great amount of data, meaning 
sometimes there is no other option than to go back on site and conduct new 
surveys to check what went wrong. According to Ferraris, plane tabling 
circumvents these problems and, if the table is always brought to precise 
horizontal level, allows determining distances with just as much accuracy and in 
less time than graduated instruments like the graphometer, the compass and 
the universal instrument. He concluded that these devices would only be used if 
the circumstances made it absolutely necessary for reasons of accuracy, ease or 
brevity of the surveying operations.125  
Of course, Ferraris conveniently forgot to mention plane tabling has some 
disadvantages of its own. It is subject to its own forms of instrumental errors, 
such as disturbances to the horizontality or correct orientation of the table while 
in use. Also, the achievable precision is highly dependent on the drawing skills 
of the surveyor and on environmental conditions like wind, rain and fog 
(Andrews 2009, pp.140-141). Koeman (1978, p.297) estimates this precision at 
1mm, equaling a distance of 11.5 m on the Carte de cabinet, but warns that this 
will diminish to 2 or 3 mm if the circumstances are unfavourable. It is important 
to note however, that the methods employed for the Ferraris map survey were 
by no means exceptional in the 18th century. The reason the plane table and 
graphometer remained two of the most popular surveying instruments of the 
time despite their obvious shortcomings is because the lack of precision in 
mechanical construction and the mediocre quality of optics limited the 
evolution of topographical instruments. Only in the 19th century did it become 
possible to produce more precise instruments and to do so in greater numbers, 
causing their use to become more universal (Morizet 2008). 
Under normal circumstances, the plane table sheets drawn during the survey 
would not have been preserved: once the final version of a map was ready, 
these draft sheets were often destroyed or simply lost over time. However, in 
the case of the Carte de cabinet, we are fortunate to still have them at our 
disposal. Once work on the map commenced, Ferraris quickly found himself in 
financial difficulties, and in exchange for one of his many requests for additional 
funds, the Habsburg government demanded a third copy of his map (currently 
                                                                
125 Koeman (1978, p.290) is convinced Ferraris would indeed have been obliged to use the 
graphometer to perform smaller triangulations of the second or third order under particular 
circumstances. He does not know how the artillerymen would have otherwise been able to 
survey in hilly terrain, if they did not sight from hilltops. 
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kept in the Austrian State Archives in Vienna126). It was agreed upon that this 
would not be a finished product like the other two copies (currently in 
Brussels127 and The Hague128), but rather a compilation of the plane table 
sheets.129 Since the Viennese copy of the Carte de cabinet is therefore the most 
original one, the choice was made to use this version of the map to try and 
interpret the observed distortion patterns. The ground control points of both 
the AGIV and the DEMNA data set were identified on the Brussels copy of the 
map, but this should not give rise to errors in interpretation as both the Belgian 
and the Dutch version of the Carte de cabinet have been shown to faithfully 
replicate the original Viennese one (Lemoine-Isabeau 1978, p.51; Moors 2002).  
The sides of the Carte de cabinet’s plane table sheets were 33.7 cm long, 
equalling un pied et six lignes in the 18th century French linear measurement 
system. On the scale of 1:11,520 of the Carte de cabinet, 33.7 cm corresponds 
to just under 4km or une lieue de Paris, meaning one sheet covered a surface of 
une lieue de Paris carrée, a very practical measure at the time. For the 
convenience of the artillerymen, the plane table sheets were also covered by a 
black grid of 25 by 25 smaller squares with sides measuring 1.35 cm or un 
demi-pouce. This not only helped them draw to scale, but also made it easier to 
copy these draft sheets onto the definitive map sheets of the Carte de cabinet 
(Lemoine-Isabeau 1978, pp.48-49).  
More detailed information about the artillerists’ methods and surveying 
schedule during the first two years of the project is provided by the schematic 
Tableau and its accompanying text, drawn up by Ferraris and his team in the 
autumn of 1772 to report on the state of affairs at that time (see Figures 3-4a 
and b in the previous chapter).130 In the explanatory text (Explication), Ferraris 
                                                                
126 Vienna, OESTA, KA, KPS, BVIII/a125 
127 Brussels, KBR, Kaarten en Plans, hs.IV 5.627 
128 The Hague, NA, Topografische Dienst/ Kaarten: 4.TOPO, inv.nr. 2.1 
129 State chancellor von Kaunitz to Emperor Joseph II, 22 February 1774 (Brussels, AGR, 
CAPB 483, D101/C5/1). 
130 Paris, AN, C & Pl, N III Pays-Bas/4/1 (map) & 2 (accompanying text, titled Explication, see 
note 60). Neither the Tableau nor the text bears a date. Lemoine-Isabeau (1978, p.46) 
correctly remarks they must have been drawn up before 6 February 1773. At that time count 
de Ferraris received copies of French maps, while in the text he specifies he is still waiting 
for these documents. We can narrow the dating down even further. For map sheet 148 of 
the Carte de cabinet, the Tableau only shows half of its plane table sheets as finished, while 
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warns the reader that mistakes were inevitable when performing the 
trigonometrical surveying operations. Irrespective of how well-trained the 
surveyors were or how conscientiously they carried out their work, he deems it 
impossible to always perform exact distance measurements, be it with a 
measuring chain or otherwise, and to always plot rays of sight precisely, 
regardless of the instruments used. Consequently, Ferraris states that it could 
occur that either the outline of a figure on the map did not close correctly, or 
that objects on the edges of one plane table sheet did not correspond with the 
objects on the edges of a contiguous sheet. When such mistakes were 
discovered, the artillerymen hurried to rectify them to avoid the uncontrolled 
proliferation of errors from one sheet to the next. However, Ferraris explains this 
did not involve trying to trace the origin of the mistake as this would have taken 
an improper amount of time and would have dramatically slowed down 
surveying operations. Instead, the artillerymen determined which points in the 
vicinity of the mistake were measured correctly and used them as the starting 
points to establish a chain of new base lines to enclose the error. Operations 
could then be continued as normal on the other side of the chain.  
This description by Ferraris of two kinds of mistakes that arose during surveying 
corresponds to many of the distortion patterns revealed by our analysis (Figures 
4-7a-d and 4-8a-b). On the one hand, there are a lot of errors that occur locally, 
while the surrounding area displays no distortions. In accordance with Ferraris’s 
statement, we believe these local errors represent instances where the 
surveyors managed to contain a mistake by setting up new correct base lines in 
its vicinity. On the other hand, there are also numerous occasions where 
distortions occur along the edges of contiguous plane table sheets, just as 
Ferraris describes. These distortions indicate that the survey data was 
manipulated to obtain continuity over the plane table sheet borders. This may 
have happened during fieldwork or later on, when the plane table sheets where 
assembled to create the larger Carte de cabinet sheets. Because the plane 
table sheets are tilted 28-29° west with respect to the Carte de cabinet’s vertical 
edges, this makes for very noticeable patterns in the distortions. In contrast, the 
borders of the Carte de cabinet sheets show no correspondence whatsoever 
with any particular distortions. This again confirms that the plane table sheets 
were the main working units during surveying, and that the Carte de cabinet 
sheets were only the final presentation format.  
                                                                                                                                                         
our research has demonstrated the completed map sheet arrived in Vienna on 14 
November 1772. Consequently, the Tableau must display an earlier state of affairs. 
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The reason for the peculiar westward tilt of the plane table sheets remains 
somewhat obscure. In the Tableau’s Explication Ferraris states that his men 
were obliged to keep to this direction because of the orientation of the first 
base lines they chose to measure in the vicinity of Mechelen, where mapping 
operations started.131 Further on in the text he specifies that the first base line 
measured on plane table sheet n°1 had a length of approximately 200 toises132 
and was measured on the chaussée between Mechelen and Leuven. 133 
However, upon closer examination of the zone surrounding Mechelen, we were 
unable to identify any part of the chaussée matching the orientation of the 
plane table sheets exactly (Figure 4-11). Alternative explanations that were 
explored were proven equally invalid. The sheets’ orientation was not adapted 
to the direction of compass north, since at the time of Ferraris, the declination 
of the contemporary magnetic field was only about 17° west.134 It does not 
seem like the tilted orientation contributed to a quicker or easier production of 
Carte de cabinet map sheets either. In fact, if both the plane table and the 
Carte de cabinet sheets would have had the same orientation, exactly 4 by 2.5 
of the smaller sheets would fit into one map sheet. In comparison, the intricate 
configuration they have now must have made matters more difficult for Ferraris 
and his men. A further examination of plane table sheets n°2 to 8 resulted in the 
identification of only two line elements with an orientation similar to that of the 
plane table sheets. It concerns a horizontal road segment on plane table sheet 
n°2 and a vertical one on plane table sheet n°7, respectively coinciding with the 
current Berentrodedreef and Boeimeerstraat in Bonheiden. What is remarkable 
though is that both these streets are situated in the immediate vicinity of a 
stretch of heath marked with the words “Camp de l’exercice d’artillerie”. Since 
                                                                
131  Explication (see note 60): « Les quarrés sont obliquement situés par raport aux 
perpendiculaires et aux parallèles à la Méridienne de Paris, parce que les premières bases 
dont on a dû faire choix au commencement du travail près de Malines nous ont obligés à 
nous en tenir à cette direction. » (Paris, AN, C & Pl, N III Pays-Bas/4/2, f. 3vo). 
132 One toise is approximately 1.949 m, so the first base line was nearly 400 m long. 
133  Explication (see note 60): « … nous sommes partis du point de Malines avec la 
planchette n°1. Un alignement de 200 toises, environ, mesuré sur la chaussée de Malines à 
Louvain a formé notre première base … » (Paris, AN, C & Pl, N III Pays-Bas/4/2, f. 4). 
134 The Geomag model of the historical geomagnetic field by the British Geological Survey, 
included in the software GeoMag, interpolates a magnetic declination of -17.29° for Malines 




Ferraris’s statement about how the orientation of the first base lines measured 
in the vicinity of Mechelen determined the orientation of the plane table sheet 
grid is not included in the same segment of text as his description of the first 
plane table sheet with its first base line being measured on the chaussée, it is 
plausible that the base lines responsible for the orientation are in fact not 
situated on plane table sheet n°1. The road segments on sheets n°2 and 7 then 
seem viable candidates for having fulfilled this role. It would make sense for the 
construction of the grid for surveying the Austrian Netherlands to have 
originated in a place the artillerymen presumably knew very well, that is, the 
grounds where they were trained. Ferraris not explicitly naming this location but 
instead focusing on the chaussée between Mechelen and Leuven seems fitting 
for a time when paved roads were being constructed throughout the country, 
offering Ferraris the opportunity to connect his mapping project to this new 
infrastructure.135 
Before moving on to discuss the actual terrain work in more detail, one 
additional technique should briefly be mentioned that was adopted by 
Ferraris’s artillerymen on a limited scale, namely the traverse survey.  
When traversing, the surveyor journeys from one principal point to the next, his 
route forming a series of straight ‘legs’. The length of each of these segments is 
measured by a chain or wheel, and its bearing by a compass. These results are 
usually recorded in a field book, to be plotted on a map afterwards. Traversing 
was quite a laborious process and not as accurate as triangulation. However, 
where visibility was restricted and especially where only one survey-line could 
be seen at a time, triangular networks might be so impracticable that traversing 
was the only option. Thick woodland and deeply incised valleys are prime 
examples of such circumstances (Andrews 2009, pp.141-144). 
In the report accompanying the Tableau, Ferraris explains that in April 1772 two 
artillerists, experienced in trigonometry, were sent to carry out two of these 
traverse surveys (Figure 3-4a): one - depicted as a sequence of red line 
segments on the Tableau – started in Kontich, moved north connecting towns 
along the border with the Dutch Republic, then southward along the river 
Meuse and further west along the river Sambre, until reaching its endpoint in 
Soignies; the other - depicted as a sequence of black line segments on the 
Tableau – started in Incourt in the County of Namur, and then moved south, 
connecting towns along the entire border of the Duchy of Luxemburg, and 
                                                                
135 I am grateful to Karen De Coene for suggesting this hypothesis to me. 
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eventually crossing the Prince-Bishopric of Liège to reach Orsmaal in the Duchy 
of Brabant. Both traverses were open, meaning they did not return to their 
point of origin. This lack of self-verification renders measurements less reliable, 
although this disadvantage was partly remedied by making the red and black 
traverses intersect in the towns of Namur and Liège.  
 
 
Figure 4-11. Orientation of several line segments on the first eight plane table sheets of the 
Carte de cabinet, showing Mechelen and its surroundings. 
The first base line the artillerymen measured on plane table sheet n°1 was located on the 
chaussée from Mechelen to Leuven, depicted here as the white line with a black border 
south of the city. However, neither this line nor any of the other major line segments in this 
zone have an orientation matching that of the plane table sheets, whose borders are 
displayed in red. The only two line segments with a more or less similar orientation we were 
able to identify were short sections of road (white lines) on plane table sheets n°2 and 7. 
Since these roads are very near to the training grounds of the artillery (marked with a black 
arrow), it is possible they inspired the orientation of the network of plane table sheets. 
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In the Explication Ferraris stressed that these surveying operations were purely 
preparatory136 and this seems indeed to have been the case. While for the black 
traverse survey the correspondence between the town positions on the Tableau 
and on the Carte de cabinet is quite good, the town positions as determined by 
the red traverse survey are distinctly different from those depicted on the Carte 
de cabinet, especially in the northern and eastern part of the country. Which of 
the two measurements (the traverse surveys as plotted on the Tableau or the 
plane table surveys as plotted on the Carte de cabinet) resulted in the highest 
positional accuracy for the concerned towns was not investigated. 
4.5.1.3 Chronology of the surveys 
A detailed chronological account of the artillerymen’s surveying work is not 
readily available. Rather, information from different sources needs to be pieced 
together to come to a somewhat complete picture.  
A first means to get a general impression of the surveying chronology is by 
looking at the dates at which each of the completed Carte de cabinet map 
sheets of the copy of the Emperor was handed over to the archives of the Aulic 
War Council (Hofkriegsrat) in Vienna for further preservation (Figure 4-12). A 
detailed description of how this information was gathered and a complete 
overview can be found in Appendix 4. Of course, these records give a very 
indirect account of the surveying. The only piece of chronological information 
they provide with any certainty is a terminus ante quem, meaning surveying 
must have happened before the date of receipt in Vienna. Based on the few 
cases for which local archives have shown evidence of the presence of 
artillerymen on the ground, there seems to have been a time lapse of at least 
eight months between the actual survey and the archiving of the completed 
map sheets. It is also impossible to tell whether the order of receipt mirrors the 
order of the surveys exactly. Still, the information from the Aulic War Council 
archives offers a convenient base to start from, especially since the other data 
sources that will now be discussed seem to affirm its general validity. 
 
                                                                
136 Explication (see note 60) : « operations purement préparatoires » (Paris, AN, C & Pl, N III 
Pays-Bas/4/2, f.6vo). 
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Figure 4-12. Map sheet arrangement of the Carte de cabinet, showing the year and month in 
which each sheet was received by the archives of the Aulic War Council in Vienna. 
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The Explication accompanying the Tableau is one of them.137 It informs us 
about the order of mapping at the start of the project. Ferraris had originally 
intended to begin the surveying work at the French border of the County of 
Flanders and to gradually move east to the duchies of Limburg and 
Luxemburg.138 Ultimately, this plan was abandoned because of ongoing border 
negotiations with France. Instead, the first plane table sheets that were created 
encompassed Mechelen (plane table sheets 1 and 3) and its surroundings, 
because the artillery corps was stationed here.139 According to Ferraris, work 
then gradually spread out towards Leuven and Brussels, covering a triangular 
region. The distortion analysis demonstrates that the zone in the centre of 
modern-day Flanders where mapping operations started is characterized by a 
high degree of geometric accuracy. This is most marked when looking at the 
visualisation of the maximum angular distortion, which shows very low levels of 
distortion for the core zone around Mechelen (Figure 4-13). Most likely this is 
the result of several factors. First, the artillerists would have been surveying a 
region they supposedly knew very well, making mistakes less likely. Second, all 
of the artillerists working on the map would still have been in Mechelen, as 
opposed to spread out over the country in a multitude of smaller brigades. This 
would presumably also have included the 38 artillerists who had participated in 
the mapping of the Sonian Forest in 1767-1769 and who were therefore well 
versed in surveying. This concentration of mapping knowledge can only have 
contributed to a better end result. Third, the pace of surveying was still quite 
slow at this moment, especially in comparison with the working rate in 1774, at 
the end of the fieldwork campaign. Less time pressure apparently equalled 
more detailed and more accurate work. Fourth, this being the start of surveying, 
the artillerists did not yet have to worry about making their surveys fit 
seamlessly with the plane table sheets of areas they had mapped earlier on in 
the project. At a slightly later stage, the complexity of joining plane table sheets 
that were not surveyed in one continuous motion probably caused the 
distortion patterns that more or less follow the border between plane table 
sheets with lower and higher numbers on Figure 4-13. The numbering is not a 
                                                                
137 See note 60. 
138 Appendix of Ferraris’s project proposal, entitled Moyens pour lever à peu de frais une 
carte générale des Pays-Bas autrichiens (Brussels, AGR, SEG 2273, f.53-56 (art.4)) 
(reproduced in Gachard 1843, Pièce justificative III). 
139 Ferraris to minister plenipotentiary Starhemberg, 10 November 1770 (Brussels, AGR, 
SEG 2273, f.88-91).  
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precise indication of the order of mapping, but we do know the plane table 
sheets with the lowest numbers were created at the very start of the surveying 
campaign. 
 
Figure 4-13. Angular distortion – Mechelen and surroundings. 
The zone, centred on Mechelen, where the artillerists started their surveys for the Carte de 
cabinet (map sheets 91 and 92) displays a high degree of geometric accuracy. The smaller 
grey grid cells are the plane table sheets used for surveying. Their numbering can be found 
on the Tableau and gives an indication of the order of the mapping. The maximum angular 
distortion computed from the AGIV data set more or less follows the borders between 
plane table sheets with lower and higher numbers. These sheets were probably created 
during different stages of the project and some shearing was required to guarantee the 
continuity of their topographic content. 
Next in the Tableau’s text, Ferraris mentions how Pellenberg, Aarschot and 
Diest (to the east of the starting region), Ninove and Aalst (to the west), and 
Antwerp and Lier (to the north) were reached. This clockwise movement seems 
to be mirrored in the distortions. When to the northwest of Mechelen a 
connection had to be established with plane table sheets created earlier, the 
artillerymen may have been forced to diminish the extent of certain areas to 
enable a good fit while also keeping to the foreseen number of plane table 





Figure 4-14. Area distortion – Mechelen and surroundings. 
The text accompanying the Tableau describes how Ferraris’s artillerymen surveyed the area 
to the west of the triangular starting region between Mechelen, Leuven and Brussels, thus 
reaching Ninove and Aalst. They continued their surveys northeastward. Here, our distortion 
analysis (computed from the AGIV data set) reveals a marked compression of the Carte de 
cabinet compared to a modern reference map, which is visible as the large blue zone to the 
northwest of Mechelen. 
The Tableau’s text gives no further details about the next phases of surveying. 
The coloured plane table sheets on the map itself show that by the autumn of 
1772, after two years of work and one year before Ferraris’s original deadline of 
December 1773, mapping was almost concluded for the Duchy of Brabant and 
the County of Namur, as well as the eastern part of the County of Flanders 
(Figure 4-15). In total, 617 plane table sheets had been completed, accounting 
for 617 lieues carrées.140  
 
                                                                
140 Ferraris’s own estimate in the text accompanying the Tableau (see note 88) is a bit too 
modest, stating that more than 500 lieues carrées had been mapped. (Paris, AN, C & Pl, N 
III Pays-Bas/4/2, f.8). 
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Figure 4-15. Administrative boundaries of the Austrian Netherlands, the Prince-Bishopric of 
Liège and several other smaller autonomous states.  
Also depicted are the map sheet arrangement of the Carte de cabinet and the 617 plane 




Additional information comes from a letter count de Ferraris wrote to governor 
Charles de Lorraine on 15 December 1774, which reports on the state of affairs 
at that time.141 The letter reveals that the entire territory had been surveyed,142 
with the exception of two small districts: the Imperial County of Kerpen and 
Lommersum (accounting for only a handful of plane table sheets) and the Duchy 
of Bouillon (which in the end was never surveyed). Since the entire Carte de 
cabinet can be estimated to consist of 2,740 plane table sheets, this statement 
by Ferraris implies that the remaining 2,123 plane table sheets or 77.5% of the 
territory were surveyed in the same amount of time (two years) as the initial 617 
plane table sheets or 22.5% of the territory. To cope with these heightened 
demands, the number of artillerists carrying out the fieldwork was increased 
each year and rose to 151 men in 1773 and 178 men in 1774 (Lemoine-Isabeau 
1984, p.219). However, it is unlikely that all of these men were as well versed in 
surveying as the core group of 97 artillerists that started the work in 1770. 
Undoubtedly, the lack of experience and faster working pace are to blame for 
some of the distortions observed in the regions that will now be discussed.  
To put the amount of work into perspective though, it is interesting to compare 
it against the contemporary surveying standards given by the French 
geographer Bonne in 1808 (Lemoine-Isabeau 1983, p.259). For a map of 
Bavaria (1:20,000) for which only villages, roads, waterways, and contours of 
forests, pastures and marshland were rigorously mapped while the rest of the 
contents were sketched, every engineer involved had surveyed 20 to 25 lieues 
carrées per year. On the other hand, each engineer had contributed only 6 
lieues carrées per year to the Carte des Départements Réunis by Tranchot, 
which was based on a meticulous and very detailed survey on a scale of 
1:10,000. Given the number of artillerymen engaged in the Carte de cabinet 
surveys each year, and the number of plane table sheets (of one lieue carrée 
each) finished by the autumn of 1772 and the end of 1774, we estimate that on 
average each of these artillerists mapped about 3 plane table sheets per year in 
1771-1772, and 6.5 plane table sheets per year in 1773-1774. Even though the 
                                                                
141 Ferraris to governor Charles de Lorraine, 15 December 1774 (Brussels, AGR, SEG 2273, 
f.209-214).  
142 The regions Ferraris mentions for which the plane table sheets are completed are the 
Duchy of Brabant, the Seigniory of Mechelen, the Counties of Flanders, Hainaut and Namur, 
the Duchies of Limburg, Luxemburg and Guelders, the Lands of Fauquemont and Rolduc, 
the County of Dalhem, the Prince-Bishopric of Liège, the Principality of Stavelot-Malmédy, 
the Imperial County of Rekem, and the Principality of Thorn. 
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amount of work for each of these men thus more than doubled during the last 
two years of the surveys, these demands were certainly not completely 
unattainable. Of course, one also needs to take into account that some of the 
terrain that still needed to be surveyed in 1773-1774, such as the hilly and 
densely forested territory of the Ardennes, will have made matters more difficult 
for the artillerymen. 
It is important to keep in mind that most of what follows is an interpretation of 
the results obtained by analysing the less dense AGIV+DEMNA data set for the 
Walloon region. Consequently, it is more difficult to identify trends in the 
distortion with absolute certainty. Furthermore, data for half of the Duchy of 
Luxemburg are missing because it is now part of the Grand Duchy of 
Luxemburg and not of modern-day Belgium, so it was not georeferenced by 
DEMNA. 
Documents from local archives attesting to the presence of artillerists in certain 
villages give us some insight into what happened between the autumns of 1772 
and 1774 (Arnould 1972, pp.220-221; Despy 1959, pp.285-286; Lemoine-
Isabeau 1969, p.75) (see Appendix 4). By June 1773 the entirety of the County 
of Namur had been mapped and later that year surveys were also concluded in 
the County of Flanders. We also know artillerists were present in the southern 
part of the County of Hainaut, between the rivers Sambre and Meuse, in 1773, 
while in the more northern parts of the region, surveys were still carried out in 
April 1774. 143  The map sheets covering north-Hainaut were also some of the 
last ones to reach Vienna, only arriving there in 1777, whereas the map sheets 
covering the southern part of the province were already dispatched in 1774. It is 
not known exactly when the surveying of north-Hainaut was completed, but it is 
certain this happened only after the Duchy of Brabant to the east and the 
County of Flanders to the north had been mapped. Inserting the Hainaut survey 
into the already existing framework of plane table sheets to the north and east 
cannot have been a straightforward task and probably required some deliberate 
manipulation. Also, archival documents tell us the artillerymen met a lot of local 
resistance in Hainaut, in spite of being equipped with all the necessary legal 
documentation to justify their surveying work. 144  Both factors undoubtedly 
                                                                
143 The references specifically concern villages on Carte de cabinet map sheets 51, 52 and 
53.  
144 Ferraris to the States pensionary Losson and vice versa, 12 and 13 April 1774 (Mons, 
Archives de l’État, Archives locales, R4).  
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contributed to the large distortions that characterise the northern part of this 
province on the Carte de cabinet (Figure 4-16). 
 
Figure 4-16. Area distortion – County of Hainaut. 
The northern part of the County of Hainaut suffers from large areal distortions (computed 
from the AGIV+DEMNA data set). Perhaps the artillerists were forced to stretch this zone on 
the Carte de cabinet, indicated by the red colour, to enable a good fit with the surrounding 
regions to the north (the County of Flanders), east (the Duchy of Brabant) and south (the 
southern part of the County of Hainaut). Surveying campaigns had already been completed 
here when they were still ongoing in the northern part of Hainaut. 
In his project proposal of 1769, Ferraris had stipulated he would only be able to 
finish the surveys within a three-year period if the amount of work could be 
reduced by obtaining copies from the French government of the maps the 
French ingénieurs-géographes had made of the Austrian Netherlands during 
the War of the Austrian Succession (1740-1748) and the Seven Year’s War 
(1756-1763). There is a large amount of diplomatic correspondence between 
Brussels and Paris testifying that a lot of effort was indeed put into the 
obtainment of these maps. However, these attempts eventually proved 
unsuccessful. In February 1773, a small package of copies did arrive in Brussels, 
but almost all the maps in it covered territory Ferraris’s troops had already 
surveyed in the meantime. Ferraris had in particular been hoping to receive the 
maps of the Duchies of Limburg and Luxemburg that the French had created 
A study of the local geometric accuracy of Ferraris’s Carte de cabinet using DDA 
| 161 
during the Seven Years’ War, but none of these was included in the dispatch.145 
Despite several formal complaints, the French never provided Ferraris with any 
additional maps. This forced him to ask the Habsburg government in Vienna for 
additional funds and an extension of the deadline till December 1774, to allow 
the artillerists to also perform regular surveys in both duchies. Ferraris had to 
wait until 22 February 1774 for Vienna to officially endorse this undertaking. 146 
Hence, there was only a very limited amount of time left to map these regions. 
It can be assumed this may have had its repercussions on the attained 
geometric accuracy, although our data set (which is incomplete for the Duchy of 
Luxemburg) gives no clear indication of this.147 On 22 February 1774 the 
government also authorized the complete survey of the Prince-Bishopric of 
Liège, an autonomous region splitting the Austrian Netherlands in half. The 
distortions observed here will be treated in detail in the next section. 
4.5.1.4 Interaction with local authorities 
The fragmentation of the Austrian Netherlands into numerous jurisdictions 
complicated the work of the artillerymen, who had to interact with a variety of 
local officials. To enlist the aid of the different administrative units of the 
Austrian Netherlands, governor Charles de Lorraine issued deeds the 
artillerymen carried with them, which authorized their surveying work and 
requested that they would be granted full access to all private, seigneurial or 
religious domains.148 The governor or Maria Theresa also sent official letters to 
the deputies of the States of the different provinces, ordering them to offer 
                                                                
145 Ferraris to ambassador Mercy Argenteau, 17 February 1773 (Brussels, AGR, SEG 2273, 
f.135-138). Ferraris seems to have been unaware of the fact that these maps encompassed 
only a small area of Limburg and Luxemburg, not the complete duchies (see Section 1.1.1). 
146 State chancellor von Kaunitz to Emperor Joseph II, 22 February 1774 (Brussels, AGR, 
CAPB 483, D101/C5/1). 
147 Thierry Kervyn (DEMNA), the chief responsible for the georeferencing of the Walloon 
part of the Carte de cabinet, informed us that one type of geometric error he encountered 
frequently related to the positioning of rivers and their adjoining pastures in the valleys 
enclosed in the woodlands of the Ardennes. While their topology would be correct, their 
localisation would not be. This of course appears to be the result of the restricted visibility 
in these types of landscape, which makes it easier to lose track of the bigger picture 
(personal communication Thierry Kervyn, 12 August 2015). 
148 See for example the Acte ouvert délivré au capitaine Cogeur, pour ses operations dans 
le duché de Brabant et la seigneurie de Malines by governor Charles de Lorraine, 7 January 
1771 (reproduced in Gachard 1843, Pièce justificative VII). 
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assistance by providing the artillerymen with reasonably priced lodgings and 
food, and by appointing local aids that could inform Ferraris’s men about the 
position of borderlines and local toponyms 149 (Veres 2015, pp.192-193). 
We know that these orders were not always well-received, and the surveyors 
encountered problems in some communities.150 However, the accounts we have 
so far of these instances are only fragmentary, and traces on the Carte de 
cabinet in terms of distortions that clearly follow a provincial boundary, or for 
example, a border of a castellany within the county of Flanders, are not 
immediately apparent. A lot more research in local archives will be necessary to 
trace the possible impact of the artillerists’ interaction with local authorities on 
the geometric accuracy of the Carte de cabinet. Perhaps we catch a glimpse of 
such an occurrence in the southwest of the County of Flanders. In September 
1773, Ferraris informed minister Starhemberg that the artillerymen had 
experienced difficulties in the Castellany of Ieper and the Bailliage of the Eight 
Parishes and asked the government to once again send the necessary orders to 
these districts.151 When examining the area distortion in this region, there is a 
striking blue line running from east to west and then south through map sheets 
9, 3, 4 and 5, following a border between adjacent plane table sheets and 
staying clear of the Castellany of Ieper and the Eight Parishes (with the 
exception of Watou) (Figure 4-17). It is possible this line is the result of the 
episode that was just described, although this is difficult to tell because count 
de Ferraris does not provide more details on the matter. Perhaps though the 
encountered problems urged the artillerists to first circumvent the area, and to 
only start moving east and north again once the French border was reached, 
causing the blue distortions along the edges of the plane table sheets created 
earlier. The dates at which each map sheet arrived in Vienna also seem to 
suggest such an enveloping movement, with maps sheets along the coast and 
the northern border with France finished earlier than those in the southern part 
of modern West-Flanders (Figure 4-12). 
                                                                
149 See for example the letters of governor Charles de Lorraine to the deputies of the States 
of Brabant, 7 January 1771 (reproduced in Gachard 1843, Pièce justificative VIII), and to the 
deputies of the States of Limburg, Luxemburg, Guelders, and Namur, 21 March 1772 
(reproduced in Gachard 1843, Pièce justificative X). 
150 See the example of the County of Hainaut on p.159, or Appendix 4 for examples 
concerning localities on Carte de cabinet map sheets 136 and 212. 
151 Ferraris to minister plenipotentiary Starhemberg, 6 September 1773 (Brussels, AGR, SEG 
2273, f.151-152). 
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Figure 4-17. Area distortion – Southwestern part of the County of Flanders. 
Disputes with the Castellany of Ieper and the Bailliage of the Eight Parishes (marked in 
green) might have resulted in a circumventing movement by the artillerymen from northeast 
to southwest. This eventually gave rise to the blue line of distortion (computed from the 
AGIV data set) running through map sheets 9, 3, 4 and 5 when plane table sheets surveyed 
at an earlier stage (north of the line) where linked to those surveyed later (south of the line). 
Although Ferraris’s mapping project could count on the Habsburg 
government’s financial support, care was taken to present it as a private 
enterprise, without any official character. The court took this precautionary 
measure to defend itself from accusations of trying to claim contested lands in 
the border areas or of attempting to take over foreign enclaves. 152 
Consequently, when the survey moved to non-Habsburg dominions, and similar 
                                                                
152 This is also why the first map sheet of the Carte marchande includes a note of caution 
that any mistakes in the depiction of borders on the map could not prejudice the rights of 
the Empress or those of any neighbouring state (Brussels, KBR, Kaarten en Plans, XIII B 
Belgique gén. – 1777 – Ferraris – IV 10.258/1). 
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requests for assistance were sent out to the appropriate authorities, neither 
governor Charles de Lorraine nor minister plenipotentiary Starhemberg did so 
in their own name or that of the government. Instead, they stressed that it 
concerned a private request of general de Ferraris, whom the government tried 
to help in every way possible (Dubois 2001, pp.XIV-XV; Veres 2015, pp.191-
192).  
There is one case in particular where these kinds of negotiations with 
neighbouring states had a marked impact on Ferraris’s mapping operations, 
and that is in the Prince-Bishopric Liège. This small, neutral state, which was 
founded in 980, seemed to cut the Austrian Netherlands in half, with the 
provinces of Flanders, Brabant, Hainaut and Namur lying to the west of it, and 
Luxemburg, Limburg and Guelders to the east (Figure 4-15). Ferraris had 
originally planned to only map this nation’s borders and the Austrian enclaves 
within its territory. However, he soon realized a more practical approach would 
be to map the region in its entirety, given the territorial entanglement of both 
states (Dubois 2001, pp.XII-XIII). The lack of good topographic maps of the 
Prince-Bishopric 153  and the administrative fragmentation characterizing its 
interior complicated matters. Nonetheless, once the Habsburg government had 
authorized the survey on 22 February 1774, the artillerymen managed to 
complete all terrain work within the year, but not without compromising the 
quality of the work to some extent (Figure 4-18). The Prince-Bishopric seems to 
be the only place in the Austrian Netherlands where an administrative boundary 
had such a severe impact on mapping operations. However, even here some 
nuancing is in order because, as far as can be told from the less detailed 
AGIV+DEMNA data set, the southern part of the state was not affected as 
badly. 
 
(See next page for Figure) 
Figure 4-18. Area distortion – Prince-Bishopric of Liège. 
The degree of geometric distortion in the Prince-Bishopric of Liège (white) (computed from 
the AGIV+DEMNA data set) seems to increase from south to north, especially along its 
                                                                
153 There were several printed maps which showed the region, like the Carte des Pays-Bas et 
des frontières de France by Eugène-Henri Fricx (1:110,000) (1708), or the Carte de la 
Principauté de Liège et de la Comté de Namur by Nicolas Le Clerc, with a Plan de la Ville 
de Liège by Christophe Maire (scale not given) (1747), but their small scales and vague 
depiction of borders limited their usefulness (Hennequin 1891, p.272 ; Lemoine-Isabeau 
1980, pp.9-16 ; Dubois 1999, p.286).  
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western border, where new plane table sheets needed to be linked to sheets created much 
earlier (see the red outline of the plane table sheets already mapped by the autumn of 1772 
according to Ferraris’s Tableau). Furthermore, zones in the northern part of the state that 
show only small amounts of distortion (e.g. the lightly coloured zones on map sheets 165, 
166, 187, 188) suffer from a shortage of ground control points. We therefore suspect the 




A possible explanation as to why this discrepancy between north and south 
exists might be found in the dates on which the map sheets arrived in Vienna 
(Figure 4-12). The southern part of the Prince-Bishopric appears to have been 
mapped in a more or less continuous motion after the artillerists had finished 
their surveys in the County of Namur, and is therefore hardly distorted. The 
Liège surveys continued northward from here. The central part of the state, 
which was reached next, already shows a higher level of distortion, mostly 
concentrated along its western border with the County of Namur (Carte de 
cabinet map sheets 150-154). Here, newly surveyed plane table sheets had to 
be matched to sheets created several months or years earlier, which probably 
caused some difficulties. The distortions become even more pronounced in the 
northern part of the Prince-Bishopric. One of the reasons they are particularly 
large here might be that several of the Carte de cabinet map sheets 
encompassing substantial segments of Liège territories had already been made 
in 1772. The concerned sheets are 147 (received in Vienna in January 1773), 
148 (received in Vienna in November 1772), and 149 (received in Vienna in 
January 1773). In March 1772, the prince-bishop had granted the artillerists 
limited access to his territory, only to map the Austrian enclaves within it, and it 
was not until August 1773 that permission was granted to map the entire state 
(Dubois 2001, pp.XI-XIII). The restricted freedom of movement before that time 
apparently gave rise to multiple severely distorted plane table sheets.154 These 
distortions were only exacerbated when new plane table sheets were attached 
to the existing ones several years later. The landscape also plays a key role 
here. In the 18th century, vast areas of the northern part of the Prince-Bishopric 
were covered by stretches of sparsely populated heath. This must have made it 
difficult for the artillerymen to identify a sufficient number of reference points 
when performing their plane table surveys, which undoubtedly resulted in less 
accurate work. Paradoxically, most of these areas display only little distortion 
according to our results. As explained above, this is caused by the very low 
number of ground control points that could be identified here. The local control 
point density thus offers a valuable additional gauge for the quality of mapping 
(Figure 4-19). 
                                                                
154 Perhaps some of these distortions might have even been introduced on purpose, see 
Section 4.5.2.2 – Van der Haegen and Vanneste. 
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Figure 4-19. Area distortion and ground control points – Prince-Bishopric of Liège. 
Although the number of ground control points in the AGIV data set displayed here is 
significantly higher than that of the AGIV+DEMNA data set used for Figure 4-18, there are 
still areas in the north of the Prince-Bishopric of Liège where no ground control points at all 
could be identified (for example the zone where map sheets 166 and 187 join). Often the 
results of the Differential Distortion Analysis display these areas as having little to no 
distortion. However, because of the lack of ground control points these results cannot be 
taken at face value and should be interpreted as proof of less detailed surveys. 
During the summer and autumn of 1774, count de Ferraris wished to add 
several more non-Habsburg territories to the surveys, with the inclusion of the 
Principality of Stavelot-Malmédy, the Principality of Thorn, and the Imperial 
County of Rekem (Figure 4-15). The government could invoke the example of 
the complaisance of the prince-bishop of Liège to make the same request to 
the prince-abbot of Stavelot in June 1774. Ferraris again appealed to 
geographical arguments, particularly the fact that the territory of Stavelot was 
virtually an enclave of the territory of Liège, making it necessary to map it in its 
entirety to round off his work in the region. The request was granted in July 
1774.155  In October 1774, the count of Rekem and the princess of Thorn also 
                                                                
155 Several letters between count de Ferraris, minister plenipotentiary Starhemberg and the 
prince-abbot, 8 June to 25 July 1774 (Brussels, AGR, SEG 2273, f.167-177). 
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authorized the survey of their small territories, enclosed by the Austrian 
Netherlands and the Prince-Bishopric of Liège.156 No clear patterns can be 
discerned in the distortions (along the borders) of either of the three areas, 
probably because there was no great time lapse between surveys here and in 
the surrounding areas (Figure 4-18). 
Ferraris’s cartographic plans met with more opposition in the Duchy of Bouillon, 
a French protectorate. In September 1774, Ferraris tried to obtain the duke’s 
permission for his artillerymen to map the territory, but the duke was hesitant to 
grant it without first consulting his French sovereign. Furthermore, he did not 
see why Ferraris could not just copy the region from Cassini’s Carte de France 
which he deemed to be an excellent map. As it was already late in 1774, the 
artillerists needed to finish their terrain work as soon as possible. Ferraris 
therefore did not have the luxury of waiting for the duke’s final approval. 
Instead, he decided not to include Bouillon in the Carte de cabinet, and to copy 
it from the Carte de France for his Carte marchande as the duke had suggested. 
As a compromise, he did ask the duke for permission to map the new roadway 
through the duchy, as this was not yet depicted on the Carte de France.157 
Because it does not feature on the Carte de cabinet, the duchy has of course 
remained a blank spot in the distortion analysis as well, something which needs 
to be taken into account when interpreting Figures 4-7 c-d and 4-18. The region 
shows no distortions simply because it could not be analyzed. 
4.5.1.5 Use of existing maps 
It seems important to once more stress the originality of Ferraris’ work. To get 
their bearings the artillerymen will probably have consulted older maps. 
However, the research by Arnould (1972) and Lemoine-Isabeau (1983, pp. 291-
306) in the 1970s and 80s has already conclusively proven that they also 
                                                                
156 Several letters between count de Ferraris, minister plenipotentiary Starhemberg, the 
chancellor of Guelders, the count of Rekem and the princess of Thorn, 14 September to 7 
October 1774 (Brussels, AGR, SEG 2273, f.199-208). 
157 Several letters between count de Ferraris, minister plenipotentiary Starhemberg, the 
president of the council of Luxemburg, and the president of Bouillon, 1 September to 20 
September 1774 (Brussels, AGR, SEG 2273, f.191-198). 
The Carte marchande for that matter appears to be an almost identical copy of Cassini’s 
Carte de France. The only exceptions are the border with the Austrian Netherlands, which 
Ferraris traced much more clearly, and the addition of a roadway on Carte marchande sheet 
23, which is presumably the one Ferraris was referring to in his request to the duke. 
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travelled the entire country and that every place on the map was visited by a 
surveying team on the ground. Our analysis of the Carte de cabinet’s geometric 
accuracy confirms this point of view. Throughout the country, the most striking 
pattern in the distortions is the one coinciding with the dimensions of the plane 
table sheets, proving these were clearly taken out in the field to perform the 
survey. Lemoine-Isabeau (1983, p.304) already put forward a similar argument 
when she stressed how the only raison d’être for the more than 2,000 small 
plane table sheets with their peculiar orientation must be that these were 
actually used for the terrain surveys. If the Carte de cabinet had been largely a 
work of compilation one cannot imagine why Ferraris’s men would have made 
matters so difficult for themselves when they could have simply copied existing 
maps on larger sheets with a northward orientation. In reality, the instances 
where older maps were reproduced were scarce.158 
What follows is an overview of maps which are often cited in connection with 
the Carte de cabinet. Their relationship to this map is assessed by taking into 
account previous research as well as new evidence provided by the Differential 
Distortion Analysis. 
Map of the Sonian Forest 
Between 1767 and 1769, a contingent of Ferraris’s artillerymen had mapped the 
Sonian Forest, situated to the southeast of Brussels, by order of governor 
Charles de Lorraine. The map responded to an actual need since the best map 
of the area available at that time was over a hundred years old, made by 
                                                                
158 In contrast to the Carte de cabinet, Ferraris’s Carte marchande relied more heavily on 
existing cartographic source material, first and foremost the Carte de cabinet itself. 
However, this map does not show any territory outside of the Austrian Netherlands’ 
borders, something which the Carte marchande does do. Consequently, other maps 
needed to be copied as well to create a complete picture for each transnational map sheet. 
An undated memorandum by councillor Delplancq of the Council of Finances of the 
Austrian Netherlands suggests several maps that might serve this purpose (Notes pour 
servir de direction aux remplissages à faire sur la carte - Brussels, AGR, CPA 1067), the most 
notable one being Cassini’s Carte de France. Comparative research by Lemoine-Isabeau 
(1983, pp.346-348) confirms Ferraris copied this map faithfully for the French territory, 
resulting in the Carte marchande looking less elaborate in these parts. Furthermore, she 
discovered map sheet 12 of the Carte marchande was also partly based on the Carte du 
diocèse de Cambray (1:86,400) (1769-1779) by the French ingénieur-géographe Villaret. 
The other maps focusing on Dutch and German territories mentioned by Delplancq are at 
times difficult to identify, so Lemoine-Isabeau refrained from analysing these border 
sections in detail as well. 
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surveyor Lambert Laurijn between 1634 and 1638. More importantly though, 
the governor saw this as an excellent test of the surveying skills of the artillery 
corps, before deciding whether or not to recommend them in Vienna for the 
mapping of the entire country. The survey was carried out with plane tables on 
a scale of 1:11,520, the same technique that would later also be used for the 
Carte de cabinet. At the start 10 artillerists participated in the surveys, but by 
1769, their number had risen to 38 men. The end result of their work was 
presented to Charles de Lorraine in 1770 and consisted of both a coloured, 
manuscript map on a scale of 1:11,520 and an engraved map on a scale of 
1:28,800, both oriented to the southwest (Lemoine-Isabeau 1973).  
Two copies of the manuscript map survive: one is kept in the State Archives in 
Brussels and one in the Archives nationales in Paris. The former was used in this 
study.159 The observed distortions to the southeast of Brussels make it clear the 
contents of this map were copied onto the Carte de cabinet, and that some 
stretching and shearing was necessary to attain continuity between the old and 
new data. The semi-rectangular outline of the resulting distortions on map 
sheets 76, 77, 78, 93, 94 and 95 stands out particularly well because it does not 
correspond with the orientation of the plane table sheets (Figure 4-20). 
When the artillerists had finished their surveys of the Sonian Forest, the 
Habsburg court had yet to make its final decision on the mapping project for 
the Austrian Netherlands. To keep the men occupied with cartographic work, 
governor Charles de Lorraine asked them to also survey the royal domain of 
Mariemont in the County of Hainaut, a task they completed between April and 
September of 1769. Unfortunately, the resulting map has yet to be identified 
(Lemoine-Isabeau 1983, pp.244-245).160 It is probably safe to assume that it was 
also copied onto the Carte de cabinet, but the distortion analysis offers no 
further clues in this regard because the concerned area (one plane table sheet 
on the join of Carte de cabinet map sheets 65 and 81) is not distorted.  
                                                                
159 Carte topographique de la Forêt de Soignes et de ses environs, levée en 1768, où les 
Bois du Domaine sont distingués … L’on y a joint les parties de Domaine nommées 
Crapenbosch et Moorselbosch. Copy signed by “le comte de Ferraris, Gl. Major” and by 
“Cogeur capite d’artillerie” (Brussels, AGR, Cartes et Plans, ms.716). 
160 Lemoine-Isabeau (1983, pp.300-301) investigated whether there is a link between the 
Carte de cabinet and the Carte générale des chasses royales aux environs du chateau et 
parc royal de Marimont (1:11,520), surveyed by military engineer Ravizza and published in 
1776. She concluded this might be the case, although it is certainly not a direct one, seeing 
how both maps display quite a number of differences.  
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Figure 4-20. Area distortion – Sonian Forest. 
The areal distortions computed from the AGIV data set to the southeast of Brussels seem to 
follow the edges of the Carte topographique de la Forêt de Soignes, indicating that its 
contents were integrated into the Carte de cabinet, but that some manipulation was 
necessary to enable a good fit with the newly surveyed zones. 
 
Map of the Lys River 
The Plan du Cours de la Lys, d’Armentières à Gand 161 is an anonymous and 
undated map from the Archives nationales in Paris, consisting of 6 sheets of 
64x118 cm, each depicting a segment of the river between the town of 
Armentières in the west (where the Lys enters the Austrian Netherlands from 
France) and the village of Drongen in the east (just west of the confluence of 
the Lys and the Scheldt in Ghent). Although the map is not accompanied by any 
written information that can help to identify it, its scale, colour scheme, and 
layout suggest an undeniable link with Ferraris’s mapping project (Lemoine-
Isabeau 1983, pp.270-271).  
                                                                
161 Paris, AN, C & Pl, N III Lys/29/1-6. 
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The 1:11,520 map uses the same colours as the Viennese copy of the Carte de 
cabinet, the river being shown in a blue-green tone while pastures are coloured 
yellow. Even more striking is the fact that large numbered squares are marked 
out on the sheets with pencil lines. When the Lys map is georeferenced onto 
the Carte de cabinet, these lines coincide perfectly with the edges of the plane 
table sheets. Because the map only shows the river itself, as well as the roads, 
fields, pastures and towns in its immediate vicinity, we agree with Lemoine-
Isabeau’s interpretation that this must have been a working document. It was 
probably created by a surveying party that was sent out along the river to 
perform a traverse survey in advance of the main group of artillerymen, to 
establish a backbone structure for the distribution of the plane table sheets in 
this yet to be mapped region. 
For most of the river course, particularly the sections from Armentières to 
Comines (map sheet 4) and from Kortrijk to Drongen (map sheets 6, 2, 3), the 
Carte de cabinet is an almost exact copy of the Lys map. Furthermore, the 
analysis of the Carte de cabinet’s geometric accuracy reveals that this part of 
the map is barely distorted, indicating that the reconnaissance mission 
produced excellent work (Figure 4-21). It is only for the river section between 
Comines and Kortrijk (map sheets 5, 1) that the depictions on the Carte de 
cabinet and Lys map diverge. The join between Lys map sheets 5 and 1 near 
Menen is not good, which is probably why some alterations were made on the 
Carte de cabinet. Comparison with the modern reference map reveals that 
these changes improved the geometric accuracy west of Menen, but that for 
the area east of Menen towards Kortrijk, the course of the river is actually 
positioned more accurately on the Lys map. On the Carte de cabinet the river is 
depicted too far north and the area around it is compressed, as evidenced by 
the blue zone which ends right at the edge of the river on the Lys map. Just 
west of Menen, the Carte de cabinet is correct in depicting the river more 
northly than the Lys map does, but to make its course coincide with that on the 
modern map, additional shearing is still required, resulting in a red colour on 
the distortion map. 
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Figure 4-21. Area distortion – Lys and surroundings. 
The course of the river appears to have been mapped in advance by the artillerymen as a 
structural element to base the surveys of adjacent plane table sheets on. The analysis of the 
AGIV data set shows that this was done with a high degree of geometric accuracy. It is only 
in the Menen area that significant errors arise. 
 
Town plans and other maps by the military engineers of the Austrian 
Netherlands 
A letter from count de Ferraris to governor Charles de Lorraine of 18 May 1771 
reveals his hopes of procuring all the town plans the engineering corps of the 
Austrian Netherlands might have in its depot.162 The reason Ferraris addressed 
this request to the governor was that Charles de Lorraine was also the director 
general of the imperial corps of engineers, with the corps of the Austrian 
Netherlands forming one of its four brigades (Rooms 1994, pp.852-853). There 
are no further documents confirming Ferraris’s request was granted, but the 
cordial relations between him and the governor make it likely and the 
geometric distortions observed for the Flemish fortified towns163 also seem to 
support this hypothesis. The town centres are zones exempt from any major 
                                                                
162 Brussels, AGR, SEG 2273, f.125 
163 For the Walloon region, the AGIV+DEMNA data set of ground control points was not 
dense enough to enable a similar investigation, given that town centres usually contain only 
1 or 2 points. 
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distortions, even though in some cases the surrounding areas can be heavily 
warped, as seen for example in Veurne, Nieuwpoort, Menen, Oudenaarde, and 
Brussels.164 Since these urban zones would have been difficult to map perfectly 
within the strict time frame imposed on the artillerists, it is very likely their layout 
was copied from existing plans, saving the military men a lot of time and 
resulting locally in a high degree of geometric accuracy. 
Further evidence in favour of this hypothesis comes from the memoirs 
accompanying the Carte de cabinet, which according to Bruwier (1978) show 
obvious lacunae for certain towns. She also believes this is linked to the fact that 
the artillerymen did not need to visit certain sites because they had access to 
the town plans of the engineering corps. Duvosquel (2010, p.330 note 61) 
further points out how all local source material found so far testifying to the 
presence of Ferraris’s artillerymen at a certain location has come from the 
accountancy of villages, not from towns, which seems to add further weight to 
the above arguments. More archival research will be required to ascertain 
whether the artillerists did reside in towns as well and, if this is the case, 
whether they stayed long enough to also be able to map them. 
Except for these town plans, no other maps by the military engineers of the 
Austrian Netherlands are known as having been copied by Ferraris. Lemoine-
Isabeau (1983, pp.299-303) subjected several maps by engineers Gavaux165, 
Jamez166 and Ravizza167 to a detailed qualitative comparison with the Carte de 
                                                                
164 There are three instances known to us where town plans were drawn on separate pieces 
of paper which were then pasted onto the plane table sheets of the Viennese copy of the 
Carte de cabinet, namely Ath (map sheet 40), Hasselt (map sheet 167), and Brussels (map 
sheet 76). In the case of Brussels, this can probably be linked to a letter Ferraris sent to the 
archives of the Aulic War Council in Vienna on 12 May 1776 (Vienna, OESTA, KA, Zst, HKR/ 
1776/ K1159 (57)/ 62). In it he explains that he would like them to send the Brussels sheet 
back to him so it can be updated with the two new public squares that have in the 
meantime been constructed, as well as with the new layout for the park. The letter also asks 
for the return of map sheets 2, 16 and 17 to update roads and canals, but these revisions 
did not leave any noticeable traces on the map. 
165 Carte particulier (sic) des environs de Tongre, Hasselt et Boorkelonne, levé par le Major 
et ingénieur Gavaux l’an 1747 (1:21,600) (Vienna, OESTA, KA, KPS, BVIII/a185) + Carte 
particulier (sic) levé en 1748 par le major et ingénieur Gavaux, contenant le course de la 
Meuse depuis Maeseck jusqu’à deux lieues audessous de Ruremonde (1:21,600) (Vienna, 
OESTA, KA, KPS, BVIII/b17). 
166 Carte générale du Cours du Demer et de la Dyle depuis les Moulins de la Baronie de 
Lumen jusqu’à y compris la Partie de la Dyle en dessous la ville de Malines … levé par 
Nicolas Jamez, pr Lt ing. sous la direction du cap. et ing. Devos l’année 1754 par ordre du 
Gouvernement général des Pays Bas (1:5,000) (Vienna, OESTA, KA, KPS, BVIII/b10). 
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cabinet and concluded that none had been used as a direct source for Ferraris’s 
map, since marked differences in toponymy, presence and placement of 
features could always be discerned.  
One map by a military engineer that Ferraris certainly had in his possession is a 
map by Nicholas-Joseph Bergé, showing the southern limits of the Duchy of 
Luxemburg. Bergé had received orders to map these after the signing of the 
border treaty with France in 1769. After six years of surveys he produced six 
map sheets on a scale of 1:14.400, all with different orientations, following the 
winding borderline. A copy of this map drawn on tracing paper was delivered to 
captain Gillis in Mechelen on 15 November 1777, so that he could compare its 
borders with those surveyed by the artillerymen.168 Even if specific alterations 
were thus made to the Carte de cabinet based on this map, they will only have 
affected the depiction of the borderline, not influenced the geometric accuracy 
of the map in any way. 
Copies of French maps 
It was mentioned already in Section 4.5.1.3 how count de Ferraris was hoping 
to obtain copies of French maps to alleviate the work on the Carte de cabinet, 
and how he was deeply disappointed about the maps he at long last received 
on 3 February 1773, first and foremost because they did not depict territories in 
the duchies of Limburg and Luxemburg.169 Ferraris listed the maps he did 
                                                                                                                                                         
167 See note 160. 
168  Letter from captain Gillis, 16 November 1777 (Brussels, AGR, SEG 2273, f.304). 
Government officials had hoped to use the Ferraris maps as an aid in renewed border 
negotiations with the Prince-Bishopric of Liège. On 6 July 1777 count de Ferraris was 
therefore asked to produce a smaller-scale manuscript map showing the enclaves and 
disputed territories within this neighbouring state. At the same time, officers of the Council 
of Finances, and in particular councilor Delplancq, examined the representation of the 
borderlines on the recently finished proofs of the Carte marchande and found the map 
contained significant errors in this respect. As a result, a small group of artillery officers were 
sent on-site to verify and if necessary correct the borders on the maps. This rectification 
went on from September 1777 till the spring of 1778. By May 1778, it also resulted in the 
creation of the map the government had requested, in the form of 6 manuscript Cartes 
Rectificatives on a scale of 1:69,120 (Dubois 2001, pp.XVI-XXII; Lemoine-Isabeau 1983, 
pp.335-338).  




receive for ambassador Mercy Argenteau by detailing the towns they contained 
and mentioning a letter code: 170 
(1) Nivelle, Enghien, Vilvorde, Malines, Termonde (LK) 
(2) Gand, Audenarde, Ath, Mons (MK) 
(3) Diest, Hasselt, St-Tron, Tongres (IH) 
(4) Mastricht, Liège (HG) 
(5) Aerschot, Sichem, Gemblours (IH) 
(6) Gand, Termonde, Hulst,  Philippine (BA) 
(7) Ostende, Bruges, Nieuport, Ypern (oC) 
(8) Bergopzoom, Malines, Anvers (oo) 
(9) Middelbourg, l’Ecluse, Biervliet (CB) 
(10) Courtray, Tournay, Menin (oM) 
These maps have never been retrieved and since the description by Ferraris 
remains rather vague, there has been some debate about their identity. 
Because Ferraris had mentioned in his project proposal that he wanted to copy 
the maps the French ingénieurs géographes had created during the 
penultimate and last war in the Austrian Netherlands, Lemoine-Isabeau (1983, 
pp.291-296) believed the most obvious candidates to be the draft maps the 
French military engineers had created with the help of Cassini de Thury during 
the War of the Austrian Succession, particularly those on scales 1:14,400 and 
1:28,800, not the reduced version on 1:86,400.171 However, when the territory 
encompassed by these minute maps is compared with the towns included in 
the French copies, the correspondence is far from ideal (Figure 4-22).  
Lemoine-Isabeau believes that copies 1 to 4 and 10 might have coincided with 
the French draft maps, albeit that this meant the copies had peculiar shapes. 
She also thinks copy 7 must have consisted of coastal surveys by French military 
engineer Masse. However, she does not offer a solution for copies 6, 8 and 9, 
merely mentioning that the territories they encompass were according to her 
not surveyed by the French during the War of the Austrian Succession. 
 
                                                                
170 Etat des différentes Cartes qui ont étées envoyées à la fin de février 1773 du Bureau de 
la Guerre de Versailles à Monsieur Le Général Comte de Ferraris (Brussels, AGR, SEG 2273, 
f.136). 
171 Carte minute et géométrique de partie des Pays-Bas Autrichiens, levée par les Ingénieurs 
du Dépôt général de la Guerre dans la guerre de 1741 et par Cassini (1:14,400). (Vincennes, 
SHD, Cartes & Plans 4.6.B.36).  
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Figure 4-22. Outline of the territory encompassed by the 1:14,400 draft maps of the French 
military engineers (1745-1748) (dark grey) vs. the towns included in the ten French maps 
Ferraris received in February 1773 (light grey).  
To determine whether Ferraris made use of the copies he received, she goes on 
to compare the 1:14,400 draft maps with the Viennese copy of the Carte de 
cabinet for eight small regions: Antoing, Sint-Agatha-Rode, Kortenberg and 
Everberg, Pellenberg, Dendermonde, Diest, Scherpenheuvel, and finally 
Aarschot. From the results of these case studies she concludes that the Carte 
de cabinet clearly did not copy the 1:14,400 version of the surveys by the 
French ingénieurs géographes, nor the 1:28,800 version, which was merely a 
faithful reduction. However, a first problem with this method is that seven of the 
eight investigated areas lie within the part of the Carte de cabinet for which the 
Tableau tells us the plane table sheets had already been finished before the 
receipt of the French copies in February 1773, making it far less likely that any 
part of their contents would have been reproduced on the Carte de cabinet. 
Two additional areas in the vicinity of Tongeren and Maastricht were therefore 
subjected to a qualitative comparison between both maps. Again, no proof of 
any direct borrowing could be found, meaning the hypothesis that Ferraris used 
the 1:14,400 draft maps can be rejected with more confidence. 
A second, more obvious problem with Lemoine-Isabeau’s study is of course that 
not all the towns in Ferraris’s list are included in these draft maps. It therefore 
seems much more logical to support Arnould’s point of view, who is confident 
that the maps Ferraris received were the finished 1:86,400 maps (Arnould 1972, 
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pp.214-217).172 After the war, the draft maps had been converted into neatly 
finished map sheets with rectangular outlines instead of the irregularly shaped 
draft maps. The 1:86,400 version of these maps does feature all the towns listed 
by Ferraris. Furthermore, because Ferraris received only ten maps, they cannot 
have had too large a scale in order for them to still be manageable, seeing for 
example how many Carte de cabinet map sheets on a scale of 1:11,520 (each 
measuring 90x140 cm) one French copy encompassed (Figure 4-23). 
 
Figure 4-23. Outline of the territory encompassed by the 1:86,400 finished maps of the 
French military engineers (1745-1748) (dark grey) vs. the towns included in the ten French 
maps Ferraris received in February 1773 (light grey).  
Because the Carte de cabinet has a scale 7.5 times that of the 1:86,400 French 
map, it would not have been very useful to Ferraris in terms of its depiction of 
the topography. This was confirmed with the investigation of map sheets 4 
(Brugge) and 7 (Tournai) of the French map, relating to the northwestern part of 
the country, which still needed to be surveyed when Ferraris received the 
French copies. Upon comparison with the Carte de cabinet, the difference in 
appearance is immediately obvious, even for what concerns the depiction of the 
major roads and waterways, which on Ferraris’s map have been drawn with 
much more care and a greater eye for detail (Figure 4-24). Furthermore, no 
patterns could be discerned in the distortions of the Carte de cabinet that 
aligned with the outline of the depicted territory on the French map (Figure 4-
                                                                
172 St-Mandé, IGN-F, Cartothèque, chemise 294 
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25). The map does not even seem to have been used for the Carte marchande, 
which does have the same scale. In this regard Arnould (1972, p.216) refers to 
research by Marcel Huguenin in the 1960s, who compared the 1:86,400 French 




Figure 4-24. The area around Beernem on the 1:86,400 finished map of the French military 
engineers (1745-1748) (map sheet 4) and the same area on the Viennese copy of the Carte de 




Figure 4-25. Angular distortion of the Carte de cabinet (computed from the AGIV data set) 
displayed on top of map sheets 4 (above) and 7 (below) of the finished map of the French 
military engineers (1745-1748). 
None of the distortions seem to follow the outline of the areas displayed on the French 
map. Rather, all of the most striking patterns align with the Carte de cabinet’s plane table 
sheets (grey squares).  
All of this should come as no surprise. As explained above, Ferraris had already 
made clear in his project proposal that he only intended to use the copies of 
the requested French maps for a very specific purpose. He claimed they would 
be verified on-site, after which a network of important locations could be 
extracted from them for the artillerymen to base their plane table surveys on.173 
Ferraris repeated more or less the same statement in a memoir to state 
chancellor von Kaunitz in March 1770. In it he explained that the contents of the 
French maps would be copied onto the plane table sheets, to be taken out into 
                                                                
173 See note 121. 
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the field by the artillerymen, who could then check whether the positions of the 
important places on the map were correct and make all necessary changes to 
the topography. He added these changes could only be considerable in a 
country such as the Austrian Netherlands, where so much effort is put into its 
improvement and embellishment. 174  
It was thus never Ferraris’s intention to copy the French maps indiscriminately, a 
policy which most certainly will also have been adopted for any other map that 
could potentially have served as a source document for the Carte de cabinet, 
again confirming the originality of Ferraris’s map. 
Maps by civil engineers  
An old hypothesis which occasionally resurfaces claims that local (land registry) 
maps served as source material for Ferraris’ Carte de cabinet, which otherwise 
would not have been so detailed.175 This idea originates from the works by 
Despy (1959) and Daels and Verhoeve (1963). Having researched the artillerists’ 
mapping activities in the County of Namur, Despy claimed there was only one 
brigade of five men working in the region for nine months, and that they 
consequently could only have mapped the county borders while copying its 
interior from existing local maps. Likewise, Daels and Verhoeve believed the 
Carte de cabinet to largely be the result of a compilation of earlier land registry 
maps of the coastal region and beyond. However, these theories have already 
been discredited in the past. 
One of the documents Despy points to as evidence in support of his idea that 
the artillerymen did nothing but copy older maps is a letter by the mayor of 
Berzée (south of Charleroi) of 2 December 1772. The mayor reports that one of 
the artillerymen blamed him for having cut down a wild pear tree that was 
indicated “on the old map” and that the artillerymen could not find anymore 
(Despy 1959, letter reproduced in annex 3). Despy goes on to list four maps 
Ferraris’s men might have used as source material, but fails to also compare 
them to the Carte de cabinet. Lemoine-Isabeau (1983, pp.296-298) checked all 
these maps and comes to the conclusion that the map the artillerists were 
referring to was most probably the Carte topographique du comté de Namur 
                                                                
174 Memoir of Ferraris to state chancellor von Kaunitz, 24 March 1770 (Brussels, AGR, SEG 
2273, f.60). 
175 See for example recently in Duvosquel 2010, pp.320-324. 
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(1747-1750), a 12-sheet engraved map on a scale of 1:28,800 by French 







                                                                
176 Carte topographique du comté de Namur … levée géométriquement sur les lieux, 
commencée à mettre au jour par le feu sr Jaillot, géographe ordinaire du Roy et achevée 







Figure 4-26.  
The area around Berzée on 
the Carte topographique du 
comté de Namur by Jaillot 
(map sheet 12) and the same 
area on the Viennese copy of 
the Carte de cabinet (map 
sheet 83). 
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West of the village on the Jaillot map a chapel is drawn with a tree next to it 
(indicated by the red arrow in Figure 4-26). Lemoine-Isabeau admits that it is 
impossible to identify this map as the one the artillerymen were talking about 
based on this small detail alone, but it is highly likely they were aware of its 
existence, first because cartographers have always tried to document 
themselves when assigned a new territory to map, and second because printed 
maps could be obtained more easily than manuscript ones. 
Figure 4-26 makes it possible to compare the Jaillot map with the Carte de 
cabinet, something which Lemoine-Isabeau also did. We can only agree with 
her assessment that Ferraris’s map shows no signs of being directly derived 
from the French map. The Carte de cabinet does not mention a chapel like 
Jaillot does, but depicts a tree amidst some fields with the caption “Tilleul177 
Ste Marguerite” (indicated by the red arrow). To the left of the toponym 
“Berzée”, Ferraris shows a castle-like structure with an enclosed square, 
whereas Jaillot shows the same building as a double structure. Jaillot also 
seems to use a more conventional drawing style for the roads and waterways, 
the depiction of woodland appears to be less precise, and the French map 
does not show any borderlines, which are abundant on Ferraris’s map. Finally, 
there are differences in the spelling of the toponyms. 
Arnould (1972, pp.219) also compared parts of the Jaillot map with the 
corresponding sections of the Carte de cabinet and noted a fair amount of 
obvious differences. In his conclusion he stresses that the very detailed 
depiction Ferraris’s map offers simply cannot have resulted from a consultation 
of maps of a few decades old, in combination with a quick reconnaissance of 
the county borders by a team of five men, as Despy believes. These five men 
must have been only one of several brigades surveying the county 
simultaneously (Arnould 1972, pp.225-228). 
Because of the second-hand status Despy attributes to the map, he concludes 
that the Carte de cabinet is of very little value in terms of its geometry, 
especially for regions like the County of Namur in the south of the country, 
where Ferraris could not even fall back on Cassini de Thury’s triangulation 
network. Our research has of course demonstrated that in fact, there was no 
difference in the surveying strategy adopted for the northern or southern part of 
the country and that the influence of Cassini’s triangulation on the Carte de 
cabinet was limited at best. Furthermore, the results of the Differential 
                                                                
177 Lime tree 
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Distortion Analysis show the County of Namur to actually be one of the least 
distorted regions on the entire map. 
 
Like Despy, Daels and Verhoeve (1963) who studied the geometric accuracy of 
the Carte de cabinet for the region between Ostend and Ghent were also 
convinced the map was for the most part created by assembling existing 
cartographic material. According to them, surveys would only have been carried 
out along the border of the Austrian Netherlands, and in regions for which no 
maps were available or their compilation proved difficult. They came to this 
conclusion on the basis of research by Nerenburger (1856), Hennequin (1891), 
and Despy (1959), who had all called attention to the “incredible speed” with 
which the survey of the Austrian Netherlands had been conducted, making it 
impossible in their eyes that the artillerymen had always gone on-site. 
Unfortunately however, these researchers came to this assumption because of 
mistakes in the chronology they ascribed to the mapping, and ignorance about 
the size of Ferraris’s team. It was already demonstrated above that given the 
very large number of people collaborating on the project, particularly in terms 
of the surveying staff, the speed with which the country was mapped was 
nothing out of the ordinary for the 18th century. In fact, the amount of land 
surveyed by each artillerist was rather small compared to 18th century standards, 
especially during the first two years of fieldwork. 
Daels and Verhoeve identify three main areas of distortion in the 2500 km² of 
territory they subjected to an accuracy study (Figure 4-3): 
(1) Distortions to the east and to the south of Bruges 
(2) Distortions between Staden and Tielt 
(3) Distortions forming a line from Jabbeke to the southwest, passing through 
Gistel and Leke 
The validity of these findings will be discussed in detail in Section 4.5.2.2, but 
suffice it to say now that whereas the Differential Distortion Analysis more or 
less supports the delineation of zones 1 and 2, it fails to demonstrate the 
existence of the third zone. It is however exactly this supposed linear distortion 
on which Daels and Verhoeve base the next part of their hypothesis. They find 
this line to coincide more or less with the transition from the polders to the 
interior of Flanders. Consequently, they believe it is testimony to the difficulties 
Ferraris’s artillerymen experienced when having to harmonize the land registry 
maps of both regions, which for the polders will have been of better quality and 
more up-to-date. 
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Discussing the use of land registry maps more in general, Lemoine-Isabeau 
(1983, pp.298-299) points out how up to that time, not a single local pre-
cadastral map had been identified which had served as source material for the 
Carte de cabinet, a statement which still holds true today as far as we know. 
Furthermore, she also stresses how historians had so far failed to find any 
circular decreeing that local administrations and large landowners (be it secular 
or ecclesiastic) needed to communicate such plans to Ferraris’s surveyors. Such 
a government directive would have accentuated the official character of the 
survey, something which Vienna wanted to avoid at all costs as it would have 
aroused local distrust because land registry and taxes usually go hand in 
hand.178 Finally, she convincingly argues how, even if Ferraris’s men somehow 
got their hands on pre-cadastral plans, it is important to keep in mind that these 
offered a far from complete coverage of the country179; they used varying (often 
local) units of measure and scales; with the exception of the parcel structure, 
the geographical information they portrayed was rather scant; and they were 
often already outdated even at the time of Ferraris (Lemoine-Isabeau 1983, 
pp.305-306). Resorting to such a heterogeneous source of information 
undoubtedly would have been an even more laborious process than the 
complex aggregation of plane table surveys the artillerymen performed instead.  
Further evidence against the use of this kind of maps by Ferraris comes from a 
small case study performed by Duvosquel (2010, pp.322-324) in the area 
surrounding Brussels. He describes how several land registry atlases of this 
region existed at the time of Ferraris180, but how the depiction of the parcel 
structure on the Carte de cabinet’s corresponding map sheets (76 and 77) is at 
best still only fragmentary. This is particularly telling since part of the region he 
                                                                
178 This hypothesis is also corroborated by letters between state chancellor Kaunitz and 
minister plenipotentiary Cobenzl dating from 1764. When discussing colonel baron de 
Bon’s project proposal for mapping the Austrian Netherlands, Cobenzl states that the 
military engineers cannot be given access to certain fiscal and economic documents, among 
which land registers are also mentioned (Bruwier 1978, p.63; Moureaux 1971, pp.312-316). 
179 See Duvosquel 2010 pp.320-321: Pre-cadastral maps exist for almost the entire County 
of Flanders, while in Brabant, especially the region around Brussels and the northwest of the 
duchy are well represented. However, the further one moves to the east and south-east of 
the country the rarer these maps become. They are non-existent for the County of Namur, 
the Prince-Bishopric of Liège and the Duchy of Luxembourg, while the County of Hainaut 
constitutes a kind of transitional zone. 
180 Duvosquel mentions those of Uccle, Molenbeek-Saint-Jean, the abbey of La Cambre, the 
abbey of Forest and the abbey of Grimbergen. 
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studies features on Ferraris’s map of the Sonian Forest. Since this zone was 
mapped well in advance of the start of surveying for the Carte de cabinet, 
between 1767 and 1769, the artillerymen would have had ample time to fine-
tune their methods here and to copy any available land registry map should 
they have wanted to. The fact they apparently did not makes it hard to believe 
they would have done so anywhere else, when they were working under much 
tighter time constraints.  
It is important to keep in mind count de Ferraris never intended his Carte de 
cabinet to be used for cadastral purposes. Its primary goal was military, so the 
land was portrayed with an eye to the needs of an army. Consequently a lot of 
effort went into the correct depiction of all elements that might facilitate or 
encumber the advancement of the troops. Very important landscape features of 
this kind are hedges and ditches. They are drawn on the map with great care, 
and since they often delimit plots of land, this might create the false impression 
that the Carte de cabinet was copied from or can double as a cadastral map 
which systematically shows all land ownership boundaries. This is not the case. 
Consequently, doubts have also arisen on whether the depicted hedges and 
ditches offer a realistic representation of the landscape or if they are in fact 
more schematic in nature. Small case studies by Verhulst (1995) and Duvosquel 
(2010) would appear to indicate that the hedges and ditches on the Carte de 
cabinet correspond with the 18th century terrain reality, not only on a regional 
level (correctly representing the difference between open field and bocage 
landscapes), but also on a more local one. Verhulst (1995, pp.116, 140-141, 
172-175) examined this for Oostakker and Lochristi, east of Ghent, whereas 
Duvosquel (2010, p.327) did the same for the Comines-Warneton region near 
the French border in the south of West Flanders. The Carte de cabinet’s 
precision might not yet be that of the cadastral mapping initiated by the French 
in the 19th century, but the general layout of these natural field boundaries 
seems reliable according to them. Daels and Verhoeve (1963, p.308) also 
performed a small case study south of Woumen, near Diksmuide, to investigate 
the depiction of parcel boundaries on the Carte de cabinet. They concluded 
their depiction is correct along the roads, but becomes more schematic further 
away. Lemoine-Isabeau (1983 p.309) criticized Daels and Verhoeve in this 
instance for not realizing how common it was for military surveyors in the 18th 
century to depict a wholly fictional parcel structure. She therefore rightfully 
considered the fact that this structure reflects reality to a certain extent on the 
Carte de cabinet to be another proof of the map’s high quality instead of the 
shortcoming Daels and Verhoeve declared it to be. 
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4.5.2 COMPARING RESULTS WITH FINDINGS OF PREVIOUS RESEARCH 
The new Differential Distortion Analysis technique not only allowed the 
accuracy of the Carte de cabinet to be evaluated more comprehensively, it also 
made it possible to amalgamate the disparate distortion information that was 
generated by previous studies, and to pass well-founded judgement on their 
results. In what follows, a more detailed assessment will thus be given of the 
research listed above in Section 4.2.1 of the State of the art. 
4.5.2.1 Studies presenting a general overview of the Carte de cabinet’s map 
sheet arrangement for the entire country 
DEPUYDT (1978, p.121 fig.1; 1990, p.132 fig.1)  
LEMOINE-ISABEAU (1984, pp.204-205)  
BRACKE (2009, p.19) 
The publications by Depuydt, Lemoine-Isabeau, and Bracke all feature a figure 
displaying the map sheet arrangement of the Carte de cabinet fitted into the 
Belgian Lambert 72 coordinate reference system (Figure 4-2). Lemoine-Isabeau 
does not give any further explanation of the figure and Depuydt’s and Bracke’s 
comments are not very elaborate either, but both men observe how the map 
grid increasingly diverges from a regular one from south to north. Depuydt 
claims this demonstrates how Ferraris, starting from the geometrically accurate 
Carte de France by Cassini de Thury, refrained from plotting a triangulation 
network of his own, thereby accumulating absolute measurement errors as he 
moved up north and further away from the French border. However, this 
hypothesis does not match with the historic reality. 
Although count de Ferraris had originally planned for mapping operations to 
commence in the part of Flanders contiguous to France and to gradually move 
east 181 , it was ultimately decided to start the surveying in the region of 
Mechelen, where the artillery corps was stationed.182 Also, as demonstrated in 
Chapter 3, only the geometry of the Carte marchande was made to coincide 
                                                                
181 Appendix of Ferraris’s project proposal, entitled Moyens pour lever à peu de frais une 
carte générale des Pays-Bas autrichiens (Brussels, AGR, SEG 2273, f.53-56 (art.4)) 
(reproduced in Gachard 1843, Pièce justificative III). 
182 Ferraris to minister plenipotentiary Starhemberg, 10 November 1770 (Brussels, AGR, 
SEG 2273, f.88-91). 
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with the town positions on the Carte de France in the region adjacent to the 
French border; the Carte de cabinet was not adapted to these French geodetic 
data. Furthermore, if Depuydt’s hypothesis were correct, this should entail that 
the orientation of the Carte de cabinet’s map sheets remains the same along 
the entire French border, which is clearly not the case as the more northern 
map sheets show a larger tilt to the west than the southern ones.  
In our opinion, the discrepancy between the north and south of the country has 
a different cause. The Differential Distortion Analysis (Figure 4-27) gives the 
impression that areal distortions in the south are more balanced out (i.e. 
displaying similar amounts of compression (blue) and expansion (red), which are 
spread out more or less evenly over the territory), thus having less of an impact 
on the overall orientation of the map sheets. The north on the other hand 
suffers from several zones with major distortions of one particular kind, which do 
have a visible effect on orientation. They occur where regions that were 
surveyed at different stages in the project meet, apparently forcing the 
artillerymen to manipulate the mapping in order to make adjoining areas 
coincide. Three prime examples of this are the region west of Antwerp183, where 
the Carte de cabinet needs to be stretched (red) to fit onto the modern 
topographical map of Belgium, and the regions along the northwestern border 
of the Prince-Bishopric of Liège184 and in the northern part of the county of 
Hainaut185, where the Carte de cabinet needs to be compressed (blue). Finally, 
if one compares Depuydt’s figure (4-2a) to the one featured in Bracke (4-2c), the 
difference in orientation between the northern and southern part of the country 
is far less striking on this last one. As mentioned above, Depuydt does not 
specify how his figure was created, but it gives the impression of being 
somewhat generalized, since it contains longer lines of map sheet edges all 
following a very similar orientation. By contrast, the edges of the map sheets on 
Bracke’s figure were all traced individually. As a result, larger patterns are 
harder to discern, which seems to be a more truthful representation of the 
situation. By contrast, Depuydt’s depiction feels somewhat exaggerated. 
                                                                
183 The affected Carte de cabinet map sheets are 56, 57, 71, 72, 73 and 74. 
184 The affected Carte de cabinet map sheets are 146, 148, 149, 150, 151, 164, 165, and 
166. 
185 The affected Carte de cabinet map sheets are 31, 32, 40, 41, 42, 43, 51, 52, 53, 54, 55, 
62, and 63. 
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Figure 4-27. Area distortion in the AGIV+DEMNA data set, Carte de cabinet – to – modern 
topographic map setting. 
The figure is the inverse of Figure 4-7c: it also shows the map sheet arrangement of the 
entire Carte de cabinet, the current Belgian border and the base-2 logarithm of the area 
scale factor σ, but the distortions have this time been computed from the old to the modern 
map, instead of the other way around. Consequently, the figure visualizes how the Carte de 
cabinet must be warped in order to fit onto a modern topographic map in the Belgian 
Lambert 72 coordinate reference system. The displayed map sheet arrangement is based 
on the same data that were used to create the figure in Bracke (2009, p.19). 
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4.5.2.2 Studies assessing the accuracy of several map sheets qualitatively 
DAELS and VERHOEVE (1963) 
Daels and Verhoeve evaluated the geometric accuracy of about 20 Carte de 
cabinet map sheets of the Brussels copy by comparing them visually to the 
1:40,000 topographic map of the Belgian Military Geographic Institute of 1949. 
No quantitative check of the geometry of Ferraris’s map was carried out: the 
researchers say they simply compared the positioning and shape of “stable” 
features in the landscape, i.e. the road network, villages, farmsteads, waterways 
and the representation of the relief. 
The main results of their analysis are presented in an overview figure 
(reproduced here as Figure 4-3). In it they delineate about 60 zones of 
distortion and stress that their surface is rather limited, by pointing out that 
none of the zones are larger than 2 km² and that in total they make up only 88 
km² of their 2,500 km² study area. They also note that, rather than being spread 
out evenly, the distorted units seem to be clustered in three areas. As 
mentioned already on p.184, these are located to the east and south of Bruges, 
between Staden and Tielt, and in a line stretching southwest from Jabbeke. By 
contrast, they find a large zone in the centre of the study area, from Diksmuide 
to Zomergem, as well as the coastal polders to be almost exempt from 
distortions. Next, they go on to describe the distortions of seven smaller case 
study areas. 
To enable comparison with the findings of the Differential Distortion Analysis, 
the different elements of Daels and Verhoeve’s overview figure were digitized 
and visualized on top of the area distortion computed from the AGIV data set 
(Figure 4-28).  Also indicated are their seven case study areas (numbered 2 to 8, 
like the accompanying figures in their paper). It is a pity that only these case-
studies are elaborated on in a bit more detail, leaving the reader to wonder 
which criteria were used to demarcate all other distorted units (grey polygons), 
which rarely show a perfect correspondence with the areal distortions we 
identify. On the one hand, the larger clusters of distortion Daels and Verhoeve 
observed in the vicinity of Bruges and between Staden and Tielt are indeed 
apparent - and even more pronounced - in the AGIV data set. On the other 
hand, the Differential Distortion Analysis does not show any linear pattern in the 
distortion to the southwest of Jabbeke, and there is certainly no marked 
difference between the distortion observed on this line and the one in the 
polder region, from this line up to the coast. A far more clear linear pattern 
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running through Woumen and Oostvleteren a bit further south was not spotted 
by Daels and Verhoeve (see Section 4.5.1.4 for a more detailed discussion of 
this pattern). 
 
Figure 4-28. The results of the qualitative distortion analysis of the Carte de cabinet by Daels 
and Verhoeve (1963, figure 1) in the region between Ostend and Ghent, displayed on top of 
the area distortion computed from the AGIV data set. 
(continued on next page) 
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The large black rectangle indicates the outline of the study area as depicted in figure 1 of 
Daels and Verhoeve, the numbered purple rectangles (2 to 8) delineate their seven case 
study areas, and the grey polygons are the 60 somewhat units of distortion they identify.   
Also shown are the map sheet arrangement of the Carte de cabinet and its plane table 
sheets (grey squares). 
Something both men also failed to notice is the link between the patterns in the 
distortion and the orientation and size of the plane table sheets, for example in 
the distortion clusters they identify around Bruges and between Kortemark and 
Roeselare. They point to plane table sheet edges as the cause of distortion in 
case study 2 and 6, but unfortunately they have a wrong conception of what a 
plane table sheet is, mistaking them for the four quarters of a Carte de cabinet 
map sheet. These are however merely the result of the folding of the map and 
are not connected to the surveying technique in any way. Lemoine-Isabeau 
(1983, p.308) had already pointed out this problem, but it seems to have never 
again been acknowledged in later research. 
The case studies that Daels and Verhoeve examined in detail were also 
compared with the results of the Differential Distortion analysis (Figure 4-29). 
Because these results are of course determined by the density of the ground 
control points in the data set, the AGIV ground control points are visualized 
(white dots). Also shown are the reference points indicated on the figures by 
Daels and Verhoeve (labelled black dots), and the edges of the plane table 
sheets (perpendicular black lines). 
Daels and Verhoeve categorize case studies 2 and 3 as examples of distortion 
caused by errors in orientation:  
- For case study 2, situated between Lichtervelde and Zwevezele (map sheet 
16), our analysis brings out the same distortions as Daels and Verhoeve, 
with a correct depiction of line AD and triangle EFG, but shearing in 
between the two. The problem seems linked to the joining of the left and 
right plane table sheets, something which Daels and Verhoeve suspected. 
However, the dotted line they drew on their figure is a folding line of the 
Carte de cabinet, not a plane table sheet edge. 
- Case study area 3 between Hooglede and Roeselare (map sheet 17) is 
indeed a highly distorted zone. No shearing appears along line AD186, but 
the blue colour indicates that the line segment is compressed on the Carte 
                                                                
186 This cannot be seen in Figure 4-29 because the maximum angular distortion is not 
depicted for this case study. 
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de cabinet. The red colour shows that triangle EFG is stretched on Ferraris’s 
map. The matching of the left and right plane table sheets again seems to 
have affected geometric accuracy. 
Case studies 4 and 5 are categorized as examples of areal distortion: 
- For case study 4 in the vicinity of Vinkt (map sheet 27), the reduced size of 
triangle ABC is visible as the blue colour resulting from the Differential 
Distortion Analysis. However, this colour would have been more 
pronounced if the AGIV data set would have contained one or more 
ground control points nearer to reference point 4B.  
- Likewise, for case study 5 in the vicinity of Sijsele (map sheet 24), the 
Differential Distortion Analysis shows the Carte de cabinet to be slightly 
compressed in comparison with the modern map for the zone in between 
points B and CDEF. However, the map drawings by Daels and Verhoeve 
give the impression that rather than a change in area, shearing seems to 
affect rectangle CDEF. The angular distortion computed through 
Differential Distortion Analysis does not show this though, probably 
because the zone affected by this distortion is simply too small and there 
are not enough nearby ground control points. To capture all these small 
details, an even denser data set than the one provided by the AGIV (1.62 
ground control points per km²) would be required.  
Case studies 6 and 7 are instances where part of the depicted topography is 
purely imaginary, non-existent in reality: 
- Case study 6 shows the example of Kortemark (map sheet 9). Whereas parts 
A and B of the rectangle making up the village centre should link up, they 
are separated by a 500 m gap on the Carte de cabinet, filled with a fictional 
rural landscape. The extension of the map that this entails results in the 
Differential Distortion Analysis marking this as a red zone. Obviously, the 
fact that the village centre is situated exactly on the intersection of four 
plane table sheets is to blame for the botch-up. To demonstrate this more 
clearly, the plane table sheet edges (drawn in red) have been added to the 
Carte de cabinet image by Daels and Verhoeve in Figure 4-29. They 
suggested the same explanation, but again mistakenly identified a folding 
line (drawn as a dotted line) as a join between plane table sheets. 
-  A similar situation arises near Woumen (map sheet 9) in case study 7. Line 
segment CD should be a continuation of line segment AB, with a small gap 
in between the two. However, on the Carte de cabinet a shift has occurred 
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and the gap is not there, causing the blue colour, which indicates the map 
is compressed in this area. Just as for Kortemark, the meeting of four plane 
table sheets lies at the root of the problem. 
Case study 8 relates to the depiction of parcel boundaries on the Carte de 
cabinet and was discussed in the final paragraph of Section 4.5.1.5 – Maps by 
civil engineers. 
In conclusion, the major shortcoming of the analysis by Daels and Verhoeve 
seems to be that they did not realize how many of the distortions they observed 
could in fact be traced to the joining of different plane table sheets. Of course, 
rather than criticizing Daels and Verhoeve too much on this point, it is important 
to keep in mind that they wrote their paper years before Lemoine-Isabeau 
(1978) published a thorough discussion of the Viennese copy of the Carte de 
cabinet, consisting of the plane table sheets. Furthermore, their study was 
carried out even before the reproduction of the Brussels copy of the Carte de 
cabinet was published by the Gemeentekrediet in 1965. This makes their 
detailed work and the fact that a fair amount of their findings are still valid all 









(See next pages) 
Figure 4-29. Case studies for which Daels and Verhoeve examined the distortion (left: their 
depiction of the Carte de cabinet; right: their depiction of the topographic map of 1949), 
compared with the results of the Differential Distortion Analysis (middle), computed from the 
AGIV data set. 
Case study 2: Lichtervelde – Zwevezele (map sheet 16) (maximum angular distortion) 
Case study 3: Hooglede – Roeselare (map sheet 17) (area distortion) 
Case study 4: Vinkt (map sheet 27) (area distortion) 
Case study 5: Sijsele (map sheet 24) (area distortion) 
Case study 6: Kortemark (map sheet 9) (area distortion) 
Case study 7: Woumen (map sheet 9) (area distortion) 


















   
 
 





   
   
  
   
   
 
   
   
  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   






LEMOINE-ISABEAU (1983, pp.306-314) 
Lemoine-Isabeau makes a visual comparison between the 1965 reproduction of 
the Carte de cabinet by the Gemeentekrediet and a modern topographical map 
of Belgium on the same scale (1:25,000). She looks at several regions which had 
not yet been subjected to a closer examination (the environs of Comines-
Warneton, Mechelen and the valley of the river Haine) but also reassesses 
previous work, both published187 and unpublished188. The textual descriptions 
she gives of the outcome of these seven case studies are difficult to follow. 
They lack accompanying figures, making it impossible to precisely delineate the 
regions she evaluates or to come to a detailed understanding of the distortions 
she sees. However, our results do confirm her general assessment of each 
region (Figure 4-30). 
The surroundings of Lampernisse (1) and Comines-Warneton (2) were quite 
accurately mapped, and so was the region around Kortemark (3), save for the 
distortions Daels and Verhoeve (1963, pp.306-307, case study 6) already 
identified. The region between Mechelen, Leuven and Aarschot (4) indeed 
seems the most precise of all the zones Lemoine-Isabeau studied, whereas the 
valley of the river Haine (5) in the central part of the County of Hainaut is 
characterized by a great deal of distortions.  
Lemoine-Isabeau is also correct in pointing out that the artillerymen’s work is of 
the same high quality in the environs of Oignies-en-Thiérache as elsewhere, in 
spite of the heavily wooded terrain and the fact that this region was not visited 
by the southern traverse survey of 1772. The area under study is situated in the 
southwestern tip of the Prince-Bishopric of Liège, on the border with France. As 
mentioned in Section 4.5.1.4, the southern part of the Prince-Bishopric 
generally shows little distortion, probably because surveying could just 
smoothly continue its way south here after the mapping of the County of Namur 
was finished. The region is also included in map sheet 77 (Rocroi) of the Carte 
de France, but its depiction on the Carte de cabinet is far more detailed and 
was clearly not copied from the French map.  
                                                                
187 Daels and Verhoeve (1963) 
188 Verhaeghe P. (the environs of Lampernisse), Biard A.J. (the environs of Oignies-en-
Thiérache), and François P. (the region of Francorchamps) are all researchers whom 
Lemoine-Isabeau knew personally and who shared the findings of their own private studies 
with her.   
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Finally, Lemoine’s assessment that the region of Francorchamps – Trois 
Frontières (7) shows a substantial amount of distortion outside the main 
residential areas and major roads and waterways is also true. This is not 
surprising given that this area is largely situated in the Principality of Stavelot-
Malmédy, a territory the artillerymen were only granted access to in July 1774, 
which probably forced them to pay less attention to detail.  
Lemoine-Isabeau’s overall appraisal of the Carte de cabinet’s accuracy is very 
positive. This is particularly apparent when she clearly voices her disapproval of 
some of the findings of Daels and Verhoeve (1963) and the conclusions they 
draw from them. Given that most of the distortions both men identify are 
situated in the countryside far from important towns, rivers and roads means 
count de Ferraris succeeded in creating a good military map, just like he had 
intended. Furthermore, seeing how the distortions Daels and Verhoeve observe 
cover a mere 3.5% of their study area, their paper should in Lemoine’s opinion 

















Figure 4-30. Seven case studies for which Lemoine-Isabeau (1983) qualitatively examined the 
distortion of the Carte de cabinet, displayed on top of the area distortion computed from the 
AGIV+DEMNA data set. 
The extent of each case study area is a rough estimate based on Lemoine-Isabeau’s 
description. Depicted in grey is the Prince-Bishopric of Liège. 
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VAN DER HAEGEN and VANNESTE (1989) 
Just like Daels and Verhoeve (1963) and Lemoine-Isabeau (1983), Van der 
Haegen and Vanneste opted for a visual comparison of the Brussels copy of the 
Carte de cabinet (more specifically the 1965 reproduction by the 
Gemeentekrediet) and a modern topographical map (they do not specify which 
one). The area they investigate is much smaller though, with just three case 
studies focusing on the villages of Kermt, Stevoort and Zonhoven, all of which 
are situated on the border between the Campine and Hesbaye regions in the 
current Belgian province of Limburg (Figure 4-31). 
    
      
 
Figure 4-31. Fig.8, 9 and 10 from Van der Haegen and Vanneste (1983), comparing the 
depiction of the towns of Kermt, Stevoort and Zonhoven on the Carte de cabinet and on a 
modern reference map. 
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For each of the case studies, Van der Haegen and Vanneste find that distortions 
are relatively small in the town centres, but gradually increase towards the 
edges of the towns. According to them, the distortions are mainly caused by 
inaccurate distance measurements, which lead to orientation errors in the road 
network. Whereas the main roads running through each study area (labelled AB 
and CD) are generally correctly oriented, this is not the case for the roads 
branching off of them (labelled EF, GH, IJ, and KL). Van der Haegen and 
Vanneste believe this proves that Ferraris’s artillerymen did not survey these 
road segments on-site, but rather mapped them from a central, elevated 
position, like a church tower. The resulting errors in distance and orientation in 
turn gave rise to area distortions. The researchers also point out that they were 
struck by how much the Carte de cabinet is stretched in the east-west direction 
for all three case studies. This leads to an exaggeration in length of 1.4 in the 
case of Kermt, and 1.25 for Stevoort and Zonhoven. By contrast, the north-
south distortion is much less pronounced, with a score of 0.87 for Kermt, 1.05 
for Stevoort, and 1.01 for Zonhoven. 
In Figure 4-32, the zones encompassed by Van der Haegen and Vanneste’s 
case studies (numbered 8 to 10, like the accompanying figures in their paper) 
are outlined on the Carte de cabinet and shown together with the area 
distortion computed from the AGIV data set, to enable a comparison of the 
two.  
For Kermt (8 - map sheet 149), Van der Haegen and Vanneste claim that 
distances in the village centre are depicted larger on the Carte de cabinet than 
they are in reality, and consequently so are surfaces. This areal increase is 
immediately apparent by the abundance of the colour red in Figure 4-32. No 
area distortion seems to occur in the northeastern part of the studied zone 
(HIJKB), but when the angular distortions calculated through Differential 
Distortion Analysis are visualized here, this part of the territory shows a 
substantial amount of shearing. This also contributes to the east-west stretching 
noted by Van der Haegen and Vanneste.  
According to these researchers, Stevoort (9 – map sheet 149) suffers slightly less 
from area distortion, but our study again demonstrates that the northwestern 
zone (encompassing reference points F and C) for which this statement is true, 
is affected by a high amount of shearing. The fact that the southeastern zone 
(encompassing points D and B) shows far less distortion (visualized by the 
absence of colour) is probably in part due to a lack of nearby ground control 
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points. The visual comparison of the Carte de cabinet and the modern map in 
figure 9 of Van der Haegen and Vanneste does show this zone to be distorted. 
 
Figure 4-32. Three case studies for which Van der Haegen and Vanneste (1989) qualitatively 
examined the distortion of the Carte de cabinet, displayed on top of the area distortion 
computed from the AGIV data set. 
Also depicted are the Carte de cabinet map sheets (large rectangles) and plane table sheets 
(tilted squares), as well as the borderline between the Duchy of Brabant and the Prince-
Bishopric of Liège, running through map sheet 148 and 149. 
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Finally, for Zonhoven (10 – map sheet 166) Van der Haegen and Vanneste 
remark that while the western part of the studied zone is clearly enlarged on the 
Carte de cabinet, the errors in distance, orientation, and area in the eastern part 
are less pronounced. This is something we also observe, since this zone shows 
little colour in our visualization, even though it contains quite a few ground 
control points.  
In an effort to define the underlying causes for the distortions they observe, Van 
der Haegen and Vanneste first point to the speed of Ferraris’s mapping project, 
which would have forced the artillerymen to limit the number of plane table 
sightings and the number of measured road sections. Second, they believe the 
amount of dedication and level of knowledge of the artillerymen will have 
played a role. Finally, they are convinced that the limited availability of local 
cartographic material, particularly of land registry maps, will have seriously 
hampered the surveys.  
There are several major problems with these statements. It seems obvious that 
Van der Haegen and Vanneste’s perception of Ferraris’s mapping as an 
incredibly fast undertaking was copied from Daels and Verhoeve, whose study 
they refer to at the start of their paper. However, it was already demonstrated 
that this is a misconception because especially during the first two years of 
surveying, when Kermt and Stevoort were mapped (see below for details), the 
working pace was not particularly fast. Van der Haegen and Vanneste will also 
have been inspired by Daels and Verhoeve when referring to the lack of land 
registry maps as problematic for the surveys, but again this is in fact a nonissue 
as it seems certain that these maps will not have been used by Ferraris’s men. 
Finally, the work ethic and experience of the artillerymen will undoubtedly have 
influenced the accuracy of the surveys, but cannot in itself be responsible for 
the very large distortions observed in this part of the map. 
A blatant omission by Van der Haegen and Vanneste is that throughout their 
entire paper, they not once mention that the region189 they study formed part of 
the Prince-Bishopric of Liège at the time of Ferraris. The border of the prince-
bishopric can be seen running through map sheets 148 and 149 in Figure 4-32. 
Map sheet 149 encompassing Kermt and Stevoort arrived in Vienna in January 
1773, while map sheet 148, of which several plane table sheets carry on 
                                                                
189 Besides the three case studies for which the geometric accuracy is investigated, Van der 
Haegen and Vanneste also inventory the different forms of land use depicted on Carte de 
cabinet sheets 166, 167, 187, 188, 208, and 209. 
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through into map sheet 166 containing Zonhoven, arrived in Vienna in 
November 1772. This implies that all these plane table sheets had been 
surveyed before the end of 1772. However, as explained in Section 4.5.1.4, the 
artillerymen were only granted permission to survey the full extent of the 
prince-bishopric by the prince-bishop in August 1773 and by the Habsburg 
authorities in February 1774. It is therefore possible that before those dates 
they could not access every location in this state’s territory, instead resorting to 
sightings taken from church towers to map certain places like Van der Haegen 
and Vanneste suggest. However, one serious objection to this theory is that it 
seems most odd that this approach only had a severe impact on the drawing in 
the east-west direction and not north-south, as we learn from the statistics 
provided by Van der Haegen and Vanneste. We therefore suggest an 
alternative hypothesis: it seems possible that the stretching to the east was – at 
least to some extent – introduced on purpose, in order to complete map sheets 
147, 148 and 149 without having to venture too far into Liège territory, 
something which was not allowed at that time. When opting for this strategy, 
there were no plans yet to one day also survey the prince-bishopric in its 
entirety. Count de Ferraris only started up negotiations with the prince-bishop 
to that effect in July 1773 190, so in 1772 the artillerymen will not have realized 
they were creating problems for the surveying work further down the road in 
1774, when the remainder of the prince-bishopric was mapped. Except for the 
(blue) zone west of Antwerp and the (red) zone in the north of the County of 
Hainaut, where the areas affected by one particular kind of distortion are even 
larger, the northwestern border of the Prince-Bishopric of Liège seems to be 
the only other place on the Carte de cabinet where the artillerymen were 
apparently not able to keep a specific kind surveying error contained within one 
or a handful of consecutive plane table sheets, as they did everywhere else. We 
believe that the distortions in Hainaut and near Antwerp were at least to a 
certain degree the result of a conscious decision to manipulate the mapping, in 
order for an enclosed region to seamlessly connect to the already surveyed 
regions surrounding it, without altering the planned number of plane table 
sheets. It therefore seems plausible that an intentional manipulation was also at 
the root of the distortion in the northwest of the prince-bishopric. There is no 
obvious reason why the stretching observed here was able to unbridledly affect 
such a large area, while anywhere else on the map similar mistakes seem to 
                                                                
190 See Dubois (2001, pp.XIII-XIV). 
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have been spotted much quicker and efforts were always made to stop them 
from proliferating.  
In short, the research by Van der Haegen and Vanneste made a valuable 
contribution to the discourse on the Carte de cabinet’s accuracy by pointing out 
the east-west stretching that is characteristic of the distortion in their case study 
areas. However, it seems they unfortunately failed to adequately contextualize 
and explain the distortion patterns they observed. 
4.5.2.3 Studies assessing the accuracy of several map sheets quantitatively 
MERTENS (1981) 
Mertens (1981) is a Master thesis conducted at the Katholieke Univeristeit 
Leuven under the supervision of Professor Frans Depuydt. This study can be 
considered the best quantitative analysis of the Carte de cabinet’s geometric 
accuracy conducted in the past. Mertens used a very labour-intensive, analogue 
approach to compare the position of reference points on a 1:25,000 modern 
topographical map and fourteen map sheets of the Gemeentekrediet 
reproduction of the Carte de cabinet on the same scale. 
Mertens first explains that when choosing ground control points, he looked for 
easily recognizable features which had not changed over time and which were 
distributed as evenly as possible over the map surface. These points can be 
divided into four categories: (1) churches, (2) farmsteads and castles, (3) 
crossroads, (4) waterways.  
When describing his method, Mertens rightfully warns the reader that the use of 
a regression technique entails that if one part of the map is correct whilst 
another is heavily distorted, the distortions will be smoothed out over the entire 
surface, making the distorted area less distorted but introducing errors in the 
part of the map that was previously error-free. To avoid this from happening, 
Mertens decides to search for a “correct” base line to start his distortion 
analysis from. When performing their plane table measurements, the 
artillerymen also first defined a base line which they measured as precisely as 
possible using measuring chains. Mertens attempts to retrace this base line by 
(1) identifying all the churches on a Carte de cabinet map sheet, (2) grouping 
three churches together in a triangle, (3) comparing the distances between 
these churches on the Carte de cabinet and the modern reference map for 
every possible triangle, and (4) selecting those triangles where the distance 
error on the Carte de cabinet falls within a certain margin. (5) Of these eligible 
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triangles the one with the largest surface is retained and the longest of its sides 
is used as a base line for the distortion analysis, with one of its edges serving as 
the base point. The same point is identified on the modern reference map, 
which is then transferred onto the Carte de cabinet so that both points 
coincide. Next, the modern map is rotated so its base line matches the 
orientation of the base line on the Carte de cabinet. (6) Once both maps 
correspond, the difference between the x- and y-coordinates of each ground 
control point on the Carte de cabinet and on the modern map is determined 
and displayed in a scatter plot. This helps Mertens to identify trends in the data, 
i.e. points with similar (large) errors. If these distorted points are also 
concentrated in a particular zone on the Carte de cabinet, Mertens calls their 
error “systematic” and deems it to be caused by the surveying method where 
plane table sheets not always fitted together perfectly, causing displacement 
errors. Mertens marks such a region on the map and calculates its average 
distortion, which can then be rectified for all ground control points in it, thus 
eliminating the displacement. 191  Any remaining errors are classified as 
“residual”. 
Mertens applied the described method to fourteen Carte de cabinet sheets192, 
on which he was able to identify between 83 and 200 ground control points. 
Most of these were points on the road network or farmsteads. Identifiable 
points on rivers were the hardest to find. Mertens also checked if the four point 
categories displayed a statistically significant difference in accuracy, but no true 
difference could be identified.  
The accuracy of the fourteen sheets under study differed significantly, but the 
number of studied sheets per region was too small to enable identification of 
regional patterns in the distortion. Mertens also verifies if there is a link between 
the systematically distorted zones he delineates and the physical properties of 
each region, but cannot identify any. The borders of the distortions never 
coincide with physical obstacles such as swamps or forests.193 Mertens therefore 
                                                                
191 Mertens only takes displacement errors into account. A point cloud can also have 
undergone a rotation, but these distortions are too small and therefore too difficult to 
distinguish according to Mertens. 
192 The Carte de cabinet map sheets studied by Mertens are 3, 4, 15, 25, 29, 47, 49, 50, 83, 
95, 108, 112, 113, and 133. With the exception of map sheet 83, all these map sheets are 
located in the northern part of the country, encompassed by the AGIV data set. 
193 We came to a similar conclusion when investigating whether the hilliness of the terrain 
might have impacted the accuracy of measurements in certain regions. The relationship is 
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advances a second hypothesis, linking the distortions to the borders of the 
plane table sheets the artillerymen used for their surveys. Since Mertens did not 
have access to and indeed never even saw the Viennese copy of the Carte de 
cabinet which consists of these sheets, he attempts to reconstruct their layout 
based on the knowledge that they have sides of 33.85 x 33.85 cm and an 
inclination of approximately 28° west. These parameters were used to create a 
grid which was then optimally fitted onto the observed distortions as identified 
on the 1:25,000 reduction of the Carte de cabinet. The reconstructed grid 
allows Mertens to conclude that distorted zones appear to indeed be mostly 
limited to the extent of one or multiple plane table sheets. He also advances 
several explanations why this is not always the case, all of which seem valid to 
us. First, errors might have been corrected during the terrain surveys, causing 
them to not coincide perfectly with the border between two sheets. Second, if 
the distorted part of a sheet contains a base line of an adjacent sheet, that 
entire sheet might be distorted. Third, when copying the plane table sheets 
onto the actual map, the draughtsman might have tampered with the drawing 
in an attempt to conceal distortions. 
Our research has demonstrated Mertens’ reconstruction of plane table sheets to 
be excellent for the central part of the map, but it starts to diverge slightly from 
the true pattern once one moves further to the east or (especially) to the west. 
This is not surprising given the limited amount of data the reconstruction was 
based on. However, the divergence of the reconstructed and the actual grid has 
no significant impact on Mertens’ conclusions. He was absolutely right to 
identify the use of plane table sheets as one of the major contributors to 
distortions on the Carte de cabinet. 
It is easiest to compare Mertens’ zones of systematic distortion to our 
visualisation of the maximum angular distortion, if one keeps in mind that their 
                                                                                                                                                         
certainly not straightforward. For the part of the country where we dispose of the detailed 
AGIV data set, one of the most undulating regions is the one encompassing the Sonian 
Forest. Since the artillerymen had taken ample time to map this area before getting started 
on the Carte de cabinet, it is one of the regions on the map showing the least amount of 
distortion, proving the artillerymen had the mapping skills to deal with these kind of 
circumstances. By contrast, several clear lines of distortion run through the Flemish 
Ardennes. It is possible the artillerymen experienced some difficulties here because of the 
nature of the terrain, but other factors may have contributed as well, since we see equally 
large distortions appearing for example in the polders region, which is entirely flat. 
Relief may have had a more profound impact on mapping operations in the southern part of 
the country, but unfortunately the DEMNA data set we currently dispose of is not detailed 
enough to allow us to make any definitive statements in this regard. 
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setup is different (Figure 4-33). The distinct lines of shear we identify 
correspond to borderlines between zones with similar geometric properties, 
whereas Mertens’ approach assumes one of these zones to be accurate and 
demarcates the other one in its entirety as an area of distortion. The 
visualization is therefore different but the underlying data are practically the 
same. 
- For map sheets 3, 15, 25, 47, 49, 50, 95, 108, 112, 113 and 133 Mertens’ 
results clearly resemble ours, although their correspondence is not 
absolute, which is to be expected since both are based on a different set of 
ground control points. 
- Map sheet 83 is the only one not incorporated in the AGIV data set, so the 
calculation of the shear distortion in this map sheet is based on the reduced 
sample of ground control points in the AGIV+DEMNA data set. Still, even 
here the distorted zone Mertens delineates borders on a line of shear we 
also recognize.  
- For map sheet 4 Mertens does not mark off any distorted zone while we see 
a clear line of distortion running through the map sheet. This discrepancy 
can probably be traced to Mertens’ base line choice, because his base line 
runs parallel to the zone of significant shear we identify. 
- For map sheet 29 Mertens again does not delineate a distorted zone, but 
our visualization does not bring out any major lines of distortion either, only 
slightly distorted spots. Mertens’ choice not to demarcate any zone is 
therefore understandable. 
- Finally, we should keep in mind that Mertens does not claim that the zones 
he identifies are the only areas of distortion on the map. Once these more 
systematic displacement errors are rectified each ground control point still 
displays an amount of residual distortion. This is also apparent in our 
results, where large patterns in the distortions alternate with much smaller 
distorted spots. 
In conclusion, it feels important to once more stress that Mertens’ analyses were 
not straightforward to perform in 1981. Pinpointing ground control points on 
the maps needed to be done analogously and to register their x- and y- 
coordinates a digitizer with a magnetic strip was used. Today this can all be 
done much more easily using GIS software. Given these technical difficulties, 
Mertens’ results are of a remarkably high quality. The fact that he also 
recognized that there is a link between the observed distortions and the 
dimensions of the Carte de cabinet’s plane table sheets, without ever having 




Figure 4-33. The results of the quantitative distortion analysis of fourteen Carte de cabinet 
map sheets by Mertens (1981, fig.22), displayed on top of the angular distortion computed 
from the AGIV data set (for the main figure) and the AGIV+DEMNA data set (for map sheet 
83). 
The map sheets outlined in purple are the ones studied by Mertens, and the grey polygons 
are the zones of systematic distortion he identifies. Also shown is the arrangement of the 
actual plane table sheets, not its reconstruction by Mertens (for that, see Figure 4-5). 
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RIGO (1978) 
Rigo (1978) is another Master thesis conducted at the Katholieke Univeristeit 
Leuven under the supervision of Professor Frans Depuydt. It was not mentioned 
in Section 4.2.1 because the methodology it adopts does not allow for direct 
comparison with our results. However, we did want to briefly comment on it 
here since Depuydt (1990, pp.134-139) summarizes several of its results, which 
has led to them being referred to in other literature as well. 
Rigo’s quantitative distortion analysis starts by constructing a regular grid with 
cells of 1x1 km on fifteen map sheets of the Carte de cabinet.194 Each corner 
point of the grid needs to be connected to three unique reference points in its 
surroundings that can also be identified on a modern topographical map. Only 
if this is the case, is the grid point retained. Next, these grid points are 
indicated on the modern map and connected to each other, usually resulting in 
a deformed new grid, offering a qualitative representation of the Carte de 
cabinet’s distortions. In order to also obtain quantitative distortion information, 
the original rectangular grid is placed on top of the distorted grid in such a way 
that the X and Y displacements between the points of both grids are minimized. 
The summation of the absolute values of the residual displacement errors is 
then used to express the general distortion trend per map sheet.  
Depuydt (1990, p.139) is referring to Rigo when he states that the average error 
per km195 amounts to 100 m or 10% on the Carte de cabinet, and that it is 
impossible to tell to what extent this is the result of either distance or 
directional errors. He goes on to remark that this error can increase to much 
higher values, but that their research has also shown that only 10% of the grid 
points display an error of more than 250 m per km. However, upon closer 
examination of Rigo’s original manuscript, it quickly becomes apparent that the 
stated values are all the results of calculations performed for only one of the 
Carte de cabinet’s 275 map sheets, namely map sheet 64. This map sheet is 
located in the northern part of the County of Hainaut, and its northern and 
western sections are affected by the area distortion characteristic of this region 
(see Figure 4-16). Rigo claims the distortions she measured for this sheet are 
representative of the distortions for the other fourteen map sheets she studied. 
Even if this is the case, it still makes the overall validity of these results 
                                                                
194 The Carte de cabinet map sheets studied by Rigo are 4, 5, 6, 11, 12, 29, 30, 38, 39, 42, 
43, 53, 54, 64, and 65. 
195 The error is expressed per km because of the grid with cells of 1x1 km Rigo constructs. 
Chapter 4 
212 | 
questionable at best, something which could have been stated more clearly by 
Depuydt.  
4.6 CONCLUSION 
As the first large-scale (1:11,520) topographic map of the Belgian territory, the 
Carte de cabinet of count de Ferraris occupies a prominent place in the 
country’s cartographic history. Consequently, the map has received a lot of 
scholarly attention over the years, including a large number of studies into its 
geometric accuracy. Most of the existing research trying to determine and 
explain the Carte de cabinet’s distortions was carried out several decades ago 
and only encompasses one or several of the 275 map sheets, while technically 
also suffering from limited computation and visualization capabilities. The 
research presented here has sought ways to overcome these restrictions. 
Recently, new high-resolution scans of the Carte de cabinet were 
georeferenced by two Belgian government agencies, AGIV and DEMNA. Their 
combined data sets encompass 226 of the 275 map sheets and consist of some 
30,000 ground control points, linking the old map to the modern topographic 
map of Belgium. Currently available techniques to compute and visualize 
distortions proved unsuited for analyzing this new data source. They either 
result in approximate values, only give distortion information at the ground 
control points, provide qualitative rather than quantitative distortion 
information, or their results are influenced by the general trend in the data and 
therefore not truly local. Furthermore, their visualisations are difficult to 
interpret given the high number of ground control points we had at our 
disposal. Therefore, we resorted to a new technique termed Differential 
Distortion Analysis, which is inspired by the treatment of distortions in map 
projection theory. By investigating the behaviour of the partial derivatives of a 
thin plate spline interpolation function, this technique calculates local distortion 
metrics such as the area scale factor and the maximum angular distortion.  
The application of Differential Distortion Analysis to the elaborate 
georeferencing data of AGIV and DEMNA enabled the determination of the 
accuracy of the Carte de cabinet in exact, continuous, and quantitative terms, 
and on a very detailed local level. Subsequently, it was possible to explain the 
presence of most distortions by relating the observed patterns and levels of 
accuracy to historical facts about the map’s production process. The following 
key factors were identified. 
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First, the use of smaller plane table sheets had a major impact. These were 
surveyed in succession and subsequently joined together to form the Carte de 
cabinet’s map sheets. The considerable distortions observed along the borders 
between the plane table sheets suggest this process often required warping of 
the survey data. This ties in with a second determinant: the time at which certain 
zones were mapped and especially the surveying order was crucial. The area 
around Mechelen, where mapping operations started, shows very little 
distortion. By contrast, large deformations appear where plane table sheets 
meet that were created at different stages of the project. This can on the one 
hand take the form of a linear distortion, affecting the edges or a larger surface 
of one line of successive plane table sheets, or, on the other hand, affect an 
entire region if it became enclosed within already surveyed regions and 
geometric manipulation was necessary to keep to the foreseen number of plane 
table sheets. The distortions in the northern part of the County of Hainaut are a 
prime example of this last type of inaccuracy. Third, the manifest impact the 
plane table surveys had on the orientation and dimensions of the distortion 
patterns also serves as compelling evidence that the artillerymen travelled and 
surveyed the entire country. They resorted to the copying of existing maps only 
in very select cases, the most obvious one being the inclusion of their own 
survey of the Sonian Forest in the Carte de cabinet, which resulted in clear 
distortion lines to the southeast of Brussels. Other examples of maps being 
incorporated are the preliminary surveys of the Lys River and probably town 
plans by the military engineers of the Austrian Netherlands. On the other hand, 
no proof whatsoever has been found so far for the integral copying of other 
military or civilian maps. In particular, the use of copies of French maps Ferraris 
received in February 1773 or of local land registry maps seems extremely 
unlikely. A final important factor influencing the occurrence of distortions was 
the interaction with local authorities, although more archival research would be 
required to fully grasp its implications. Internal administrative divisions of the 
Austrian Netherlands perhaps caused difficulties in the case of the Castellany of 
Ieper and the Bailliage of the Eight Parishes. More obvious is the fact that 
negotiations with the neighbouring Prince-Bishopric of Liège hampered 
surveying. The artillerymen were only granted full access to this autonomous 
state by the prince-bishop late in 1773, giving rise to several heavily distorted 
zones on the Carte de cabinet, especially along the northwestern border of this 
state. The large amount of stretching in the east-west direction observed here 
was perhaps originally an intentional manipulation that enabled map sheets to 
be completed without having to penetrate too far into non-Habsburg territory. 
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However, these distortions only became graver when the entire prince-
bishopric was mapped in 1774 and newly surveyed plane table sheets needed 
to be linked up with the existing ones. 
Comparison with the findings of previous research into the geometric accuracy 
of the Carte de cabinet serves as additional proof of the validity of the 
Differential Distortion Analysis technique. Our results showed many similarities 
with the basic distortion patterns observed by older qualitative and quantitative 
studies by Daels and Verhoeve (1963), Lemoine-Isabeau (1983), Van der 
Haegen and Vanneste (1989), and Mertens (1981). However, the new technique 
offered some major benefits. It made it possible to exploit the high number of 
ground control points to the fullest, providing information on a much larger 
section of the map than any previous study did. It also allowed us to calculate 
distortions more precisely and to visualize them more effectively than any 
existing distortion analysis method could. This powerful combination made it 
possible to put the results of the previous studies into a much wider context, 
which consequently allowed us to explain the observed distortions better and 
to disprove or nuance some long-standing theories about the Carte de cabinet, 
for example concerning its originality. We therefore hope the Differential 
Distortion Analysis technique will find wide use in future research on the 
distortion of old maps. 
In conclusion, it should be stressed once more that it is important to keep the 
purpose of the Carte de cabinet in mind when passing overall judgement on its 
geometric accuracy. The map was not intended as a cadastral document, 
meaning meter-precision was by no means necessary. Ferraris’s goal instead 
was to create a military map, so he strove for it to be a detailed rendering of all 
topographic features of military interest. In this respect, the map is a 
masterpiece, and the first to encompass the entire country at such a large scale. 
Furthermore, one has to consider the rather primitive surveying instruments and 
methodology used, the stringent deadlines imposed on the project, the local 
resistance the artillerymen encountered from time to time, the size of the 
surveying staff and its simultaneous deployment in different regions, and the 
fact that count de Ferraris and his artillery corps were not experienced 
cartographers, this being the only mapping project they were ever involved in. 
Overall, the Carte de cabinet’s geometric accuracy is therefore of a surprisingly 
high quality and should be praised rather than criticized.  
  
A study of the local geometric accuracy of Ferraris’s Carte de cabinet using DDA 
| 215 
ACKNOWLEDGEMENTS 
We gratefully acknowledge the support of the Agency for Geographical 
Information Flanders (AGIV) and the Département de l’Etude du Milieu naturel 
et agricole (DEMNA), who graciously provided us with their georeferencing 
data, without which this research would not have been possible. We particularly 
want to thank Stijn Tallir (Aquaterra, subcontractor of AGIV) and Thierry Kervyn 
(DEMNA) for their expert help. The computational resources (Stevin 
Supercomputer Infrastructure) and services used in this chapter were provided 
by the VSC (Flemish Supercomputer Centre), funded by Ghent University, the 






Andrews, J. H. (2009). Maps in those days: cartographic methods before 1850. Dublin: 
Four Courts Press. 
Arnould, M. A. (1972). L'originalité du travail cartographique de Ferraris dans les Pays-
Bas autrichiens. Anciens pays et assemblées d'états, 56, 207-230.  
Beineke, D. (2007). Zur Bestimmung lokaler Abbildungsverzerrungen in Altkarten mit 
Hilfe der multiquadratischen Interpolationsmethode. Allgemeine 
Vermessungsnachrichten, 114, 19-27. 
Blakemore, MJ, Harley, JB (1980). Concepts in the history of cartography. The search 
for accuracy. Cartographica, 17(4), 54–75. 
Bracke, W. (2009). De kaart van de Oostenrijkse Nederlanden door graaf de Ferraris. 
In N.N. (Ed.), De grote atlas van Ferraris (pp. 5-19). Tielt: Lannoo. 
Bruwier, M. (1978). Les "Mémoires historiques, chronologiques et oeconomiques" de 
Ferraris. In N.N. (Ed.), De cartografie in de 18de eeuw en het werk van graaf de 
Ferraris (1726-1814). Internationaal colloquium Spa 8-11 sept. 1976. 
Handelingen (pp. 60-76).  Brussel: Gemeentekrediet van België. 
Claeys Boùùaert, M., De Baets, B., Vervust, S., Neutens, T., Van de Weghe, N. (2016). 
Computation and visualisation of the accuracy of old maps using infinitesimal 
distortion analysis. International Journal of Geographical Information Science. 
(Published online 08 Jan 2016). 
Daels, L., & Verhoeve, A. (1963). Les déformations topographiques de la carte de 
Ferraris. BEVAS (Tijdschrift van de Belgische Vereniging voor Aardrijkskundige 
Studies), XXXII(n°2), 301-310.  
De grote atlas van Ferraris (2009). Tielt: Lannoo.  
De Smet, A. (1974). Le Général-Comte de Ferraris et la carte des Pays-Bas autrichiens. 
In N.N. (Ed.), Album Antoine De Smet (Vol. 4, pp. 347-362). Bruxelles: Centre 
national d'histoire des sciences. 
Depuydt, F. (1978). La mise en carte topographique du territoire belge pendant le 
régime hollandais. In N.N. (Ed.), De cartografie in de 18de eeuw en het werk van 
graaf de Ferraris (1726-1814). Internationaal colloquium Spa 8-11 sept. 1976. 
Handelingen (pp. 119-126). Brussel: Gemeentekrediet van België. 
Depuydt, F. (1990). Systematische topografische kartering van de Zuidelijke 
Nederlanden en België. Limburg, 69(3), 131-149.  
Despy, G. (1959). Les opérations des artilleurs de Ferraris dans le comté de Namur en 
1772-1773. Annales de la société archéologique de Namur, 49, 281-296.  
A study of the local geometric accuracy of Ferraris’s Carte de cabinet using DDA 
| 217 
Dubois, S., Bruneel, C. (1999). Les bornes immuables de l'état: la rationalisation du 
tracé des frontières au siècle des Lumières (France, Pays-Bas autrichiens et 
principauté de Liège). Heule: UGA. 
Dubois, S. (2001). La rectification du tracé des frontières sur les cartes des Pays-Bas 
autrichiens de Ferraris (1777-1779). Bruxelles: Palais des Académies. 
Duvosquel, J.-M. (2010). La représentation du parcellaire dans la carte de cabinet des 
Pays-Bas autrichiens du comte de Ferraris (1771-1778). In F. Daelemans, M. 
Libert, E. Bodart, L. Honnoré & J. Houssiau (Eds.),  Image et imagination. Recueil 
d'articles offert à André Vanrie à l'occasion de son septantième anniversaire (t.1, 
pp. 313-330). Bruxelles: Archives et Bibliothèques de Belgique (numéro spécial 
91).  
Forstner, G., Oehrli, M. (1998). Graphische Darstellungen der 
Untersuchungsergebnisse alter Karten und die Entwicklung der 
Verzerrungsgitter. Cartographica Helvetica, 17, 35-43. 
Gachard, L.-P. (1843). Notice historique sur la rédaction et la publication de la carte 
des Pays-Bas Autrichiens par le général comte de Ferraris. Nouveaux mémoires 
de l'Académie royale des sciences et de belles-lettres de Bruxelles, tome XVI, 3-
57.  
Hennequin, E. (1891). Étude historique sur l'exécution de la carte de Ferraris. Bulletin 
de la Société royale belge de géographie, t.15, 177-296.  
Hodson, Y. (2007). William Roy and the Military Survey of Scotland. In N.N. (Ed.), The 
Great Map: The Military Survey of Scotland, 1747-1755 (pp.7-23). Edinburgh: 
Birlinn. 
Jenny, B., Weber, A., Hurni, L. (2007). Visualizing the planimetric accuracy of historical 
maps with MapAnalyst. Cartographica, 42, 89-94. 
Jenny, B., Hurni, L. (2011). Studying cartographic heritage: Analysis and visualization 
of geometric distortions. Computers & Graphics, 35, 402-411.  
Kabinetskaart van de Oostenrijkse Nederlanden, Ferrariskaart genoemd (1965-1974). 
Brussel: Koninklijke Bibliotheek van België en Gemeentekrediet van België. 
Koeman, C. (1978). Instruments et méthodes pour les levers du terrain à l'époque du 
comte de Ferraris. In N.N. (Ed.), De cartografie in de 18de eeuw en het werk van 
graaf de Ferraris (1726-1814). Internationaal colloquium Spa 8-11 sept. 1976. 
Handelingen (pp. 289-300). Brussel: Gemeentekrediet van België. 
Lemoine-Isabeau, C. (1969). La carte de Ferraris, les écoles militaires aux Pays-Bas et 
l'École d'Hydraulique à Bruxelles. Belgisch tijdschrift voor militaire geschiedenis, 
18(2), 73-93.  
Lemoine-Isabeau, C. (1973). La carte de la Forêt de Soignes par Ferraris et Cogeur 
(1767-1770). Belgisch tijdschrift voor militaire geschiedenis, 20(1), 258-271.  
Chapter 4 
218 | 
Lemoine-Isabeau, C. (1978). L'élaboration de la carte de Ferraris. In N.N. (Ed.), De 
cartografie in de 18de eeuw en het werk van graaf de Ferraris (1726-1814). 
Internationaal colloquium Spa 8-11 sept. 1976. Handelingen (pp. 39-59). Brussel: 
Gemeentekrediet van België. 
Lemoine-Isabeau, C., Hélin, E. (1980). Cartes inédites du pays de Liège au XVIIIe 
siècle. Bruxelles: Crédit communal de Belgique. 
Lemoine-Isabeau, C. (1983). Genèse et étapes du levé topographique des Pays-Bas 
méridionaux et de la Principauté de Liège aux XVIIe et XVIIIe siècles. PhD diss., 
Université Libre de Bruxelles, Bruxelles.    
Lemoine-Isabeau, C. (1984). Les militaires et la cartographie des Pays-Bas méridionaux 
et de la Principauté de Liège à la fin du XVIIe et au XVIIIe siècle. Bruxelles: 
Musée royal de l'armée. 
Mertens, F. (1981). Opsporing van systematische en toevallige fouten in historische 
karteringen toegepast op de grootschalige Ferrariskaart. Master thesis, 
Katholieke Universiteit Leuven, Leuven. 
Moors, R. (2002). Een vergelijking tussen verschillende exemplaren van de 
Kabinetskaart van de Oostenrijkse Nederlanden. Master thesis, Katholieke 
Universiteit Leuven, Leuven. 
Morizet, M. (2008). Les instruments de levé topographique à l'époque de Vauban. 
Progrès et immobilisme. Monde des cartes, 195, 7-14.  
Moureaux, P. (1971). Les préoccupations statistiques du gouvernement des Pays-Bas 
autrichiens et le dénombrement des industries dressé en 1764. Bruxelles: 
Editions de l’Université de Bruxelles. 
Nerenburger, G.-A. (1856). Sur les triangulations qui ont été faites en Belgique 
antérieurement à 1830. Bulletins de l'Académie royale des sciences, des lettres 
et des beaux-arts de Belgique, 23(2), 430-479.  
Pelletier, M. (2013). Les cartes des Cassini: La science au service de l'État et des 
provinces. Paris: Éditions du CTHS. 
Rigo, K. (1978). Kwantitatieve methode ter bepaling van de karteernauwkeurigheid 
toegepast op enkele grootschalige kaarten van het Belgisch grondgebied. 
Master thesis, Katholieke Universiteit Leuven, Leuven.  
Rooms, E. (1994). Geniekorps (16de eeuw - 1794). In H. Coppens, E. Aerts, & M. 
Baelde (Eds.), De centrale overheidsinstellingen van de Habsburgse 
Nederlanden 1482-1795 (pp. 851-858). Brussel: Algemeen rijksarchief. 
Timár, G., Mészáros, J., Molnár, G. (2014) A simple solution for georeferencing the 
Cassini map series of France. In Digital Approaches to Cartographic Heritage. 
9th International Workshop, Budapest 4-5 September 2014 (pp.117-122). 
Budapest: ICA Commission on Digital Technologies in Cartographic Heritage.  
A study of the local geometric accuracy of Ferraris’s Carte de cabinet using DDA 
| 219 
Tobler, W.R. (1976). The geometry of mental maps. In Golledge, R.G., Rushton, G. 
(Eds.), Spatial Choice and Spatial Behavior (pp.69-81). Columbus Ohio: The Ohio 
State University Press. 
Tobler, W.R. (1994). Bidimensional regression. Geographical Analysis, 26, 187-212. 
Van der Haegen, H., & Vanneste, L. (1989). Ferraris: hoe betrouwbaar voor de 
Kempen? De Aardrijkskunde, 13(4), 255-276.  
Veres, M.V. (2015). Constructing Imperial Spaces: Habsburg Cartography in the Age of 
Enlightenment. PhD diss., University of Pittsburgh, Pittsburgh. 
Verhulst, A. (1995). Landschap en landbouw in middeleeuws Vlaanderen. Brussel: 





NOTE ABOUT ADAPTATIONS MADE TO THE ORIGINAL PUBLISHED PAPER 
A general introduction to count de Ferraris and his mapping project was 
omitted from this chapter. The original discussion was much shorter, containing 
the same elements but only pointing to main conclusions without going into as 
much detail as the chapter currently does. The section in which results are 
compared with the findings of previous research is a new addition.  
I am the main author of this chapter. Manuel Claeys Boùùaert provided the 
majority of the input for the methodology section. Bernard De Baets, Nico Van 
De Weghe and Philippe De Maeyer helped define the research topic, proofread 
the manuscript and provided comments and suggestions.     
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The importance of the Ferraris maps as cartographic heritage is undeniable. 
Improved digital access to the maps in recent years in combination with 
enhanced computation, visualisation and spatial querying capabilities are now 
offering new ways to study the historical information contained in the maps, be 
that their geographical content or the techniques used to gather and display it. 
A thorough reappraisal of the maps themselves and the way they were made 
therefore seemed in order.  
Consequently, this dissertation aimed at addressing the following research 
objective:  
To gain better insight into the geometric accuracy of Ferraris’s maps and into 
the elements of the map production process that were influential in this 
respect. 
To cover the various aspects of this research topic, five more specific research 
questions were defined. They were discussed and analysed throughout the 




5.1.1 RQ 1: WHAT IS THE CURRENT STATE-OF-THE-ART IN RESEARCH ON THE 
GEOMETRIC ACCURACY OF FERRARIS’S MAPS? 
Over the course of the past two centuries a large number of studies have been 
devoted to the Ferraris maps, ranging from broad historical analyses to very 
detailed investigations focusing on a particular aspect of Ferraris’s cartographic 
endeavour. As a result the present-day researcher can benefit from a large 
amount of literature to base new work on. The numerous studies by Claire 
Lemoine-Isabeau deserve special mention here. Through her many years of 
extensive and thorough research she is responsible for the most important 
scientific contribution to the knowledge of the subject and her works contain a 
wealth of detailed information. 
In the framework of this dissertation, specific attention was paid to the 
deconstruction of previous research on the geometric accuracy of Ferraris’s 
maps. While quite a number of studies have dealt with this topic, most of the 
existing research was unfortunately carried out some decades ago, giving rise 
to several important limitations. The studies either base their assumptions solely 
on written sources, or they focus on a limited number of map sheets instead of 
on the maps as a whole, and/or suffer from restricted technical capabilities for 
computing and visualizing geometric distortions. Consequently, they either 
result in very general statements, often ill-founded through lack of proper map 
analyses, or they produce very specific findings, relevant for only a small study 
area. Examples of this first category are the investigations by Nerenburger 
(1856), Despy (1959), Arnould (1972), De Smet (1974), and Lemoine-Isabeau 
(1978, 1983, 1984) into the connection between Cassini de Thury’s geodetic 
data and Ferraris’s maps, as summarized in Chapter 3.  On the other hand, the 
case studies listed in Chapter 4 conducted by Daels and Verhoeve (1963), 
Lemoine-Isabeau (1983), Van der Haegen and Vanneste (1989), and Mertens 
(1981) to determine the geometric accuracy of the Carte de cabinet exemplify 
the second category. Despite the obvious methodological shortcomings of all 
this research, we see that certain hypotheses were nonetheless copied 
indiscriminately from the works of predecessors and became somewhat of an 
idée fixe. Ideas regarding the use of French triangulation data by count de 
Ferraris, personal contact between Cassini and Ferraris, the incredible speed 
with which Ferraris conducted his surveys, or the belief that he copied French 
and/or local (land registry) maps have proven particularly tenacious.  
To come to a more solidly grounded assessment of the production process of 
Ferraris’s maps and its impact on geometric accuracy it was necessary to gather 
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evidence from both the maps themselves through new map analyses as well as 
from external sources, be it 18th century archival documents or previous 
research into the maps’ distortions. All this information could now be 
conveniently accumulated and processed with the help of GIS software, making 
it much easier to combine different data layers, to perform queries and 
calculations, and to generate expressive visualisations in order to exploit the 
riches of these sources to the fullest. 
Chapter 3 demonstrated how previous research into Cassini’s geodetic 
contribution to the Ferraris maps had been confined to a review of archival 
documents. However, even this literature study had not been exhaustive, 
focusing primarily on a short statement by Cassini de Thury in his book Relation 
d’un voyage en Allemagne of 1775 and equally brief mentions of Cassini’s 
name and maps by count de Ferraris on his Carte marchande. Remedying these 
methodological shortcomings first required a more comprehensive study and 
reinterpretation of the written sources. When these proved insufficient for 
answering the key questions we turned to the maps themselves for an analysis 
of their geodetic structure, something not yet done before. It was not necessary 
to come up with intricate new techniques here, basic map analysis methods 
sufficed. Geographical and projected coordinates were measured on the maps 
and compared between the different data sources. To facilitate this comparison, 
projected coordinates were also plotted as point clouds in a GIS and triangular 
nets were constructed to offer quantitative information about the relationship 
between two data sets. 
The analyses required in Chapter 4 presented a much bigger challenge because 
here it was not just the existing research into the local geometric accuracy of 
Ferraris’s Carte de cabinet that came up short. More in general, prominent 
distortion analysis methods for studying the geometric accuracy of old maps 
(displacement vectors, distortion grids, triangular nets, and the MapAnalyst 
technique) failed to meet our requirements of computing distortions in an 
exact, local, quantitative and continuous way. Instead the new Differential 
Distortion Analysis technique was used to calculate and display the Carte de 
cabinet’s local angular and surface distortions with a very high level of detail. 
When the findings of previous studies were set against the visualisations 
resulting from this new approach, the general trends they identified in the 
distortions were for the most part proven to have been correct. It is more in the 
subsequent interpretation of how these distortions came about that older 
research lacks scrutiny. 
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5.1.2 RQ 2: WAS THERE A NATIONAL GEODETIC FRAMEWORK OF PRECISELY 
LOCATED POINTS SUPPORTING THE MAPS AND HOW DID THIS AFFECT THEIR 
GEOMETRIC ACCURACY?  
In contrast to the modus operandi adopted for the Carte de France by Cassini 
de Thury and suggested for the mapping of the Austrian Netherlands by 
colonel baron de Bon, a new triangulation did not precede the surveys for 
Ferraris’s maps. Ferraris did try to obtain measurement data from the geodetic 
survey Cassini had carried out in the Austrian Netherlands in 1746-1748, 
through a formal request to the French government. In the end however, he 
seems to have been obliged to resort to data of inferior quality that could be 
derived from Cassini’s small-scale Nouvelle Carte instead of being able to 
access the very accurate original data directly, in the form of lists of coordinates.  
The framework of towns thus obtained from the French map appears to have 
been used primarily in the planning stage of the surveying operations as 
displayed by Ferraris’s Tableau, probably to get an initial idea of the plane table 
sheet configuration and to estimate the amount of work that would be required. 
It also acted as a sort of crude check of the soundness of the plane tabling 
methodology once terrain work got underway. However, the fact that a perfect 
match between Cassini de Thury’s calculated town positions and those 
displayed on the Carte de cabinet was never achieved does not seem to have 
preoccupied Ferraris. As surveys progressed, towns eventually ended up on 
different plane table sheets than anticipated, but no efforts were made to 
restore the link with the French geodetic data on Ferraris’s large-scale map. The 
story is a bit more nuanced for the Carte marchande. In the region bordering 
France, towns on this map were shifted south to ensure correspondence with 
the geometrically accurate town positions on the Carte de France. This 
manoeuvre paradoxically resulted in the Carte marchande suffering from larger 
distortions than the Carte de cabinet does. 
Cassini’s geodetic framework was thus adopted only selectively by count de 
Ferraris, due to the limited availability of the data and his primarily economic 
motives for using them. Furthermore, Ferraris did not invest additional time and 
money in the creation of a triangulation network of his own. Still, the relative 
positions of a framework of towns in the northern half of the Carte de cabinet 
were proven to be reasonably accurate. This is quite remarkable given the fact 
that this cannot have been of major concern to either count de Ferraris or the 
officials for whom the map was intended. Combining all the map sheets 
together in order to precisely measure distances between remote towns as we 
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can now accomplish through GIS analyses would have been practically 
impossible to do in the 18th century. 
 
5.1.3 RQ 3: HOW ACCURATE IS THE CARTE DE CABINET ON A LOCAL LEVEL AND 
WHAT DO ITS DISTORTIONS TELL US ABOUT THE WAY THE MAP WAS MADE? 
The Differential Distortion Analysis allowed quantifying the surface and angular 
distortions of the Carte de cabinet. This showed that for the AGIV data set 95% 
of the computed values for the base-2 logarithm of the area scale factor σ lie 
within the [-0.4, 0.4] interval, indicating distortions that range between a 
compression to 75% or an expansion to 132% of the original surface. Also for 
the AGIV data set, 99% of the computed values for the maximum angular 
distortion 2Ω, expressed in radians, lie within the [0, 0.5] interval, with a value of 
0.5 corresponding to an angle of 28.6°. For the AGIV+DEMNA data set the 
same is true for respectively 99% and 99.6% of the computed values. It would 
be possible to calculate all kinds of statistics based on the distortion measures, 
but in the Discussion section of Chapter 4 we refrained from doing so. 
Generalized statements like the one by Depuydt (1990, p.139) that the average 
error per km amounts to 100m on the Carte de cabinet take away from the local 
diversity characterizing the map and seem only relevant when dealing with 
much smaller subsets of the data. When all of the 226 map sheets 
encompassed by our analysis are taken into consideration, such proclamations 
become pointless. Furthermore, they gloss over the important role played by 
the local density of control points. For example, because the AGIV data set is 
much denser than the AGIV+DEMNA data set its distortion values are higher 
simply because the interpolation function is forced to increasingly bend itself to 
comply with all these points. Also, even in the dense AGIV data set there are 
areas like the Prince-Bishopric of Liège where mapping was presumably done 
with less care, making it harder to identify control points, which in turn results in 
an underestimation of the distortion. 
Consequently, more interesting than quantifying distortions for the entire Carte 
de cabinet is to look for larger patterns in the size, shape and type of distortions 
and to try and relate these to the map production process. This reveals that the 
most influential factor in this respect was the surveying technique. The size and 
orientation of the plane table sheets are clearly recognizable throughout the 
map’s distortions. The same cannot be said however for the size and orientation 
of the regular Carte de cabinet map sheets. Since these were only created after 
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the surveys, as their finished product, their dimensions bear no direct relation to 
any methodological reality. Calculating distortions per map sheet like the vast 
majority of previous studies have done will therefore not give rise to particularly 
telling results. 
Besides the surveying technique, other crucial factors impacting the map’s 
accuracy were the order of the surveys (since regions enclosed within already 
mapped regions required more manipulation) and the interaction with local 
authorities (since this could limit the artillerymen’s movements). In spite of the 
Carte de cabinet’s geometric shortcomings, the fact that the map was created 
by linking over 2,700 plane table sheets together, without a national geodetic 
framework of precisely located points to fall back on, makes the end result 
indisputably impressive. 
 
5.1.4 RQ 4: CAN THE CARTE DE CABINET BE CONSIDERED AN ORIGINAL WORK, 
AND IF NOT, TO WHAT EXTENT CAN IT BE VIEWED AS THE RESULT OF A 
COMPILATION OF EXISTING MATERIAL, BOTH IN TERMS OF ITS GEODETIC 
FRAMEWORK AND IN TERMS OF ITS TOPOGRAPHICAL CONTENT? 
The Carte de cabinet was in every sense an original work. In terms of its 
geodetic framework, only some indirect use was made of French measurement 
data. This had no major influence on the map’s geometric properties. 
Consequently, we were also able to disprove Depuydt’s theory (1978, 1990) 
that the tilt observed when the Carte de cabinet map sheets are fitted into the 
Belgian Lambert 72 coordinate reference system is the result of a link with 
Cassini’s Carte de France. This idea is totally unfounded.  
When assessing the originality of the Carte de cabinet’s topographical content, 
it is important to keep in mind that Ferraris had a very large work force at his 
disposal, consisting not only of a substantial number of surveyors, but also of 
local aids, and military and civilian personnel active in the map’s drawing 
bureau in Mechelen. By contemporary standards the working pace was certainly 
not exceptional, so statements by Nerenburger (1856), Hennequin (1891), 
Despy (1959), Daels and Verhoeve (1963), Van der Haegen and Vanneste 
(1989), and Duvosquel (2010) about the incredible speed of the surveys are 
unjustified. This also means that it was entirely feasible to complete the 
mapping without having to resort to the copying of existing maps. In fact, since 
there was no large-scale predecessor covering the entire territory, copying an 
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infinite number of local maps onto the small plane table sheets making up the 
Carte de cabinet would have been an even more laborious and confusing 
process. When elaborating on his request for French maps Ferraris himself also 
stressed these would only be used as a source of positional information for the 
country’s most important locations. These would be indicated on the plane 
table sheets, which would then be taken into the field by the artillerymen to be 
completed with all topographical details by plane table surveying. Furthermore, 
our study has confirmed that these French copies were probably the 1:86,400 
maps the French military engineers created during the War of the Austrian 
Succession, and that the contents of these maps were not incorporated into the 
Carte de cabinet. Also as regards the use of other existing maps our findings 
have only added more weight to the opinions of researchers Lemoine-Isabeau 
and Arnould, who had already provided convincing arguments in support of the 
Carte de cabinet’s originality. Except for maps created by the artillerymen 
themselves, like the map of the Sonian Forest and the preparatory mapping of 
the Lys River, as well as the probable copying of town plans created by the 
military engineers of the Austrian Netherlands, no other military or civilian map 
has yet been discovered that was indiscriminately incorporated into the Carte 
de cabinet. The use of land registry maps seems completely out of the 
question. Even if information from local archives is still far too scant to provide 
absolute proof of the artillerymen’s presence in every locality, equally 
compelling evidence that they travelled the entire country comes from the 
observed distortions, which are intimately linked to the plane table sheet 
dimensions.  
 
5.1.5 RQ 5: HOW DO FERRARIS’S MAPS FIT IN WITH THE STATE-OF-THE-ART OF 
THE MAPPING METHODOLOGY IN THE 18TH CENTURY? 
Ferraris’s mapping project perfectly exemplifies European-wide trends in 
topographic mapping in the Enlightenment, first through its political origins, 
second through its production as the work of military surveyors, third in its 
topographic style, and fourth in its attention to accuracy of content.  
Ferraris’s maps formed part of the Josephine Survey, the leading exponent of 
the map-mindedness of the Habsburg rulers. By the 18th century most European 
states were increasingly involved in large-scale territorial surveys such as these 
in an effort to obtain visual information about the landscape features and 
human geography of their dominions. This instigated the ascendancy of the 
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military or state surveyor, who was often institutionally trained in map making. 
Ferraris’s mapping is a clear illustration of this wider development through its 
deployment of the artillery corps of the Austrian Netherlands, which was 
specifically trained for this task.  
Furthermore, it was during the Enlightenment that a truly international 
cartographic language gradually developed. The maps and plans of military 
engineers in the 18th century exhibit sufficient common traits of technique and 
design that they can be seen as the result of the diffusion of a basic style by a 
highly mobile and professional group of mapmakers. Just like the other maps of 
the Josephine Survey, Ferraris’s Carte de cabinet adopts a large scale and 
displays great attention to topographic detail. A meticulous comparison reveals 
that the map is perhaps a bit more akin to the French than to the Habsburg 
cartographic style, since it depicts relief by means of shading instead of 
hachures, and uses abundant colours for the depiction of woodlands and 
vineyards instead of black ink. In general however, the Carte de cabinet and 
Carte marchande use the same symbols as can be found on both Habsburg, 
French and other European maps.  
Finally, Ferraris’s maps are consistent with the wider world of Enlightenment 
mapping in their emphasis on accuracy. This perhaps manifests itself most 
clearly in the Carte marchande. As an object of public consumption, this map 
went against standard Habsburg policy of keeping cartographic information 
secret and seems more in line with Cassini de Thury’s Carte de France. 
Furthermore, Ferraris claimed his Carte marchande was based on Cassini’s 
triangulation data. Its emulation of the French map was however not linked to 
an idealistic scientific conviction on Ferraris’s part. Unlike Cassini de Thury, he 
was not striving for mathematical accuracy. Had he been, he would not have 
twisted the truth by claiming he had rigorously adopted Cassini’s geodetic data 
when, in fact, he had not. Being a military man unconnected with any scientific 
institution, as Cassini de Thury was with the Academy of Sciences and the Paris 
Observatory, and this being the only mapping project he was ever involved in, 
it should come as no surprise that scientific accuracy was no major concern for 
Ferraris. His considerations were more of a practical, commercial nature. By 
creating a link with the new Carte de France and its initiator, the renowned 
geodesist Cassini de Thury, Ferraris found a perfect way of stimulating the sales 
of his own Carte marchande. Improving the marketability of his map must have 
preoccupied Ferraris, who had only asked the Habsburg government for a very 
modest financial contribution and was planning to cover the remainder of the 
mapping project’s expenses from sales revenues. If these proved insufficient, 
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his personal debts would increase. Ferraris therefore capitalised on the growing 
desire for accuracy in the map-minded public of the 18th century by usurping 
the prestige of Cassini’s scientific work. 
As for the Carte de cabinet, we see that Ferraris hoped to obtain copies of 
French maps so he could derive a triangulation from them. However, this desire 
again does not seem to stem directly from an interest in mathematical 
precision, but rather from a concern to limit the amount of work and to speed 
up the project. Still, it is important to remember that when Ferraris created his 
maps, extensive triangulated surveys were not yet run-of-the-mill, the first major 
application being the Carte de France. In fact, this French map was more an 
accurate locational diagram of significant places than a true topographical 
survey. It is therefore not at all uncommon for Ferraris to not yet use this 
methodology. Furthermore, the Carte de cabinet was made from a military 
perspective, with the needs of army logistics rather than the general map user 
in mind. We therefore should not expect the map to be “accurate” in the 
modern sense of the word. Its makers and intended users did not. But it 
certainly provided an accurate and detailed representation beyond anything 
equivalent at the time, being even better than its immediate relative the Great 
Military Map. And, as a window on Belgium’s geography in the past, and as an 
expression of Enlightenment mapmaking, it is a truly magnificent achievement. 
 
5.2 CRITICAL REFLECTIONS AND AVENUES FOR FURTHER RESEARCH 
The focus of this dissertation has been on the geometric accuracy of maps. 
However, Blakemore and Harley (1980) identify three different aspects of a 
map's quality. Besides its geometric accuracy, they also distinguish its 
chronometric accuracy, which relates to both the dating of the map itself as a 
physical artifact and the dating of the information contained in it. The listing of 
the dates on which each map sheet of the imperial copy of the Carte de cabinet 
arrived in Vienna (see Appendix 4) on the one hand, and the convincing 
evidence that the map should be considered as an original work (summarized in 
research question 4) on the other, mean that this aspect of the Carte de 
cabinet’s accuracy has also been dealt with. What remains then is the map’s 
topographic accuracy, which concerns the completeness (or quantity) and 
correctness (or quality) of the included geographical features, that is, the 
question whether the map depicts all features of a certain class and how 
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accurately the cartographer classified the features thematically. This of course is 
a far trickier matter and answering it would require the detailed examination of 
a vast amount of additional archival documents and historic cartographic 
material, something which unfortunately was impossible within the scope of this 
dissertation. A small contribution to this kind of research is made by Table 1-1 
in the first chapter, which lists the abbreviations and colours used for the 
indication of land cover on the imperial copy of the Carte de cabinet, and 
facilitates the interpretation of this category of features on the map. Also, the 
final part of Section 4.5.1.5 in Chapter 4, on Ferraris’s use of maps by civil 
engineers, provides some preliminary insights into the precision with which 
hedges and ditches were depicted on the Carte de cabinet. Finally, we believe 
it is reasonable to assume that there is a direct relationship between the 
geometric accuracy of the map and its topographic accuracy. If our analyses 
indicate that a certain region displays a notably larger amount of geometric 
distortion than is to be expected, or if the number of ground control points that 
can be indicated is surprisingly low, it is highly likely the topographic accuracy 
of this part of the map will also be less trustworthy. 
The results of the current geometric distortion analysis are most reliable for 
modern-day Flanders because it was for this part of the country that we 
obtained the densest data set. It would be extremely valuable to create an 
equally detailed set of ground control points for the Walloon region to allow for 
more nuance in our interpretation of the map’s distortions there. Furthermore, it 
is unfortunate that our analysis remained confined within the current Belgian 
border, as this does not correspond to any 18th century delineation. Extending 
the research to the entire territory encompassed by the Carte de cabinet to get 
a complete picture of the geometric accuracy of this map would be only logical. 
As regards the further dissemination of the research presented here, we believe 
it would first of all be very relevant to promote the use of Differential Distortion 
Analysis as it deserves a more widespread adoption throughout historical 
cartographic research. Especially when maps composed of multiple sheets are 
studied, the more accurate technique, which can offer high quality results on a 
very local level, and the improved visualisation possibilities, which allow for 
straightforward interpretation, can lead to new insights, much more difficult to 
grasp by means of the methods adopted most widely today. Additionally, given 
the importance of the Carte de cabinet as Belgian cartographic heritage and 
the overwhelming success of several initiatives to make the map available to the 
community (through its reproduction as an atlas in 2009 and its digital inclusion 
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in several web platforms), it seems important to share our main results with the 
general public. This could perhaps be achieved by incorporating some 
visualizations and textual explanations in science in society initiatives such as 
the Cartesius website, showcasing the cartographic collections of four Belgian 
federal institutes.196 Fostering a better understanding of the Carte de cabinet in 
this way can only lead to a more well-informed use of the map by other 
researchers or interested members of the public. 
This might also inspire people to go look for more local archival information on 
the map and its production process, something which is unfortunately lacking 
here as available information is only fragmentary. Because the local 
administrations were charged with the costs for providing food and lodgings for 
the artillerymen as well as transport for their equipment and help by local 
guides, a detailed investigation of the parish accountancies, or those of the 
castellanies or the provinces in case of disputes, could help provide a more 
detailed chronological framework of the terrain surveys and greater insight into 
the interaction between the artillerymen and those local authorities, both of 
which will have had implications for the accuracy of the surveys. 
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In the 18th century, what is now Belgium formed part of the Habsburg Empire as 
the Austrian Netherlands. By order of the Habsburg Empress Maria Theresa, 
this territory was subjected to a large-scale military survey, carried out between 
1770 and 1774 by the artillery corps of the Austrian Netherlands under the 
command of its director-general, count de Ferraris. By the end of 1777, this 
exercise had resulted in two maps. The first was the very detailed Carte de 
cabinet (1:11,520), reserved for use by the imperial cabinet. Three manuscript 
copies of this map were produced, each consisting of 275 multicoloured sheets. 
In addition, the smaller-scale engraved Carte marchande (1:86,400) was derived 
from the Carte de cabinet and intended for sale to a larger audience. 
As the first uniform and detailed mapping of the Belgian territory, both maps 
occupy a prominent place in the country’s cartographic past and are considered 
valuable sources of historical information by researchers in a variety of 
disciplines. The widespread scholarly use of the maps up to this day has led 
many to question their quality, particularly in terms of their geometric accuracy. 
Previous studies have focused on answering two main research questions: first, 
was there a geodetic framework of precisely located points supporting the 
maps, and if so, was this based on French geodetic data (particularly the 
triangulation network the French surveyor Cassini de Thury had established in 
Flanders in the 1740s)?; and second, to what degree is the Carte de cabinet 
geometrically accurate on a detailed local level, and what do its distortions tell 
us about the way the map was made? Unfortunately, most of the existing 
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research on these subjects was carried out several decades ago and has its 
limitations. The studies either base their assumptions solely on written sources, 
or they focus on a limited number of map sheets instead of on the maps as a 
whole, and/or suffer from restricted technical capabilities for computing and 
visualizing geometric distortions.  
To enable a more solidly grounded assessment of the key questions a much 
more comprehensive study of the production process of the Ferraris maps and 
its implications for geometric accuracy was undertaken in this dissertation. 
Chapter 2 first placed the maps in the larger context of mapmaking in the 
Enlightenment and demonstrated their affinities with both French and 
Habsburg cartography.  
Chapter 3 then investigated Cassini de Thury’s geodetic contribution to the 
Ferraris maps, which was shown to not have been as straightforward as earlier 
studies claimed. By combining a reinterpretation of relevant archival records 
with a comparative analysis of several of Cassini’s and Ferraris’ data sets and 
maps, it was demonstrated that Ferraris’s borrowing of Cassini’s measurements 
happened only selectively, determined by the limited availability of the data 
and Ferraris’s primarily economic motives for wanting to use them. A personal 
connection between Ferraris and Cassini or any direct communication between 
both men seems unlikely. Instead, Ferraris appears to have obtained most of 
Cassini’s triangulation data by deriving them from the small-scale printed 
Nouvelle Carte (1:1.772.000), which shows Cassini’s triangulation network for 
France extended with part of his chain of triangles covering the Austrian 
Netherlands. The map seems to have been used by Ferraris while planning his 
project and had a limited amount of influence on early surveying operations. 
Later stages of the mapping no longer show a resemblance to Cassini’s data. 
The only exception is the region bordering France on Ferraris’s Carte 
marchande, where an obvious link with town positions on Cassini’s Carte de 
France is present. Ferraris thus never truly incorporated the French geodetic 
data into his own maps, but this did not prevent him from claiming he followed 
Cassini’s example rigorously by frequently mentioning his name and maps in his 
texts. If geometric accuracy had been one of Ferraris’s primary concerns, he 
would have done better to keep to Cassini’s geodetic framework, as the French 
data were proven to be much more exact than his own measurements. 
Chapter 4 examined the geometric accuracy of the Carte de cabinet more in 
detail and tried to determine its relationship to the map production process. 
Recently two Belgian government agencies georeferenced the Flemish and 
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Walloon part of the Carte de cabinet with a high level of detail, using some 
30,000 ground control points to link the old map to the modern topographic 
map of Belgium. These data sets represented a new and unprecedented 
potential source of accuracy information. However, the high number of control 
points and our desire to compute distortions in an exact, local, quantitative and 
continuous way meant prominent techniques for studying the geometric 
accuracy of old maps, such as displacement vectors, distortion grids, triangular 
nets and the popular MapAnalyst software, were unsuited for this task. To meet 
all our requirements, a new technique called Differential Distortion Analysis was 
used instead. It is influenced by the treatment of distortions in map projection 
theory and allowed calculating and displaying the map’s local angular and 
surface distortions with a very high spatial resolution. The trends that could 
subsequently be identified in the distortions appeared to be related to the use 
of small plane sheets for surveying, the order in which the surveys were 
conducted, and the interaction between the artillerymen and local authorities, 
particularly in the case of the Prince-Bishopric of Liège. The use of existing 
maps seems to have been only minimal, testifying to the Carte de cabinet’s 
originality.  
When compared against the state-of-the-art of topographical mapmaking in the 
18th century, the Ferraris maps and the Carte de cabinet in particular were 
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1700-1713 Death of Charles II of Spain 
WAR of the SPANISH SUCCESSION 
Treaties of Utrecht: Spanish Netherlands become Austrian Netherlands under 
Emperor Charles VI 
1740-1748 Death of Emperor Charles VI, succession by his daughter Empress Maria Theresa 
WAR of the AUSTRIAN SUCCESSION 
1744-1748: French occupation of the Austrian Netherlands 
 1744: Cassini de Thury - Nouvelle Carte qui comprend les principaux 
triangles qui servent de fondement à la description géométrique de la 
France (original version) 
 1746-1748: Cassini de Thury - triangulation network in the Austrian 
Netherlands 
 1747-1789: Cassini de Thury - Carte de France 
 1748 : Cassini de Thury - Report on his triangulation for the French 
minister of War 
Treaty of Aix-la-Chapelle: French conquests in the Austrian Netherlands restored 
to the Habsburg Empire 
1751 Antoine Palquois de Regnière - mapping project for the Austrian Netherlands 
1756-1763 Renversement des alliances: Vienna - Versailles alliance at the instigation of state 
chancellor Von Kaunitz 
SEVEN YEARS' WAR 
Treaty of Sint-Hubertusburg 
1764-1787 Josephine Survey (named after Maria Theresa's son Emperor Joseph II), resulting 
in the Great Military Map 
1764 Colonel baron de Bon - mapping project for the Austrian Netherlands 
1765 Officer Desloges of the Council of Finances - mapping project for the Austrian 
Netherlands  
1767-1769 Ferraris - mapping of the Sonian Forest 
1769 Ferraris - mapping project for the Austrian Netherlands 
1769 Ferraris - mapping of the royal domain of Mariemont 
1770-1778 1770 Aug: Empress Maria Theresa approves Ferraris's project =>  start of surveys 
for Carte de cabinet (one copy for Emperor Joseph II, one for governor 
Charles de Lorraine) and Carte marchande 
1771 Feb: First map sheet of Carte de cabinet (91.Mechelen) sent to Vienna 
1771 Sep – Dec: Ferraris visits Paris twice 
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1772 March: Prince-bishop of Liège grants artillerymen limited access to his 
territories to map Austrian enclaves 
1772 autumn: Ferraris - Tableau qui sert à diriger les opérations qu’on exécute 
dans la formation de la nouvelle carte des Pays-Bas autrichiens 
1773 Feb: receipt of copies of maps of the Austrian Netherlands by French 
military engineers 
1773 Aug: Prince-bishop of Liège grants artillerymen permission to map the entire 
state 
1774 Feb: Vienna grants additional funds and an extension of the deadline till Dec 
1774 to survey the Duchies of Limburg and Luxemburg and the Prince-
Bishopric of Liège in exchange for a third copy of the Carte de cabinet 
for state chancellor Von Kaunitz 
1775 spring: Surveys finished 
1775 : Cassini de Thury - Relation d'un voyage en Allemagne (…) suivie de la 
Description des Conquêtes de Louis XV depuis 1745 jusqu’en 1748 
1777 Dec: Ferraris presents the imperial copy of the Carte de cabinet to Emperor 
Joseph II 
1778 April: Carte marchande goes on sale 
1780 Both other copies of the Carte de cabinet (for governor Charles de Lorraine and 
state chancellor von Kaunitz) are finished 
1792 French invasion of the Austrian Netherlands => governor’s copy of the Carte de 
cabinet is first moved to Cologne, then to Vienna  
+ 400 copies of the Carte marchande are seized by the French in Brussels 
1794 Copperplates of the Carte marchande are seized by the French in Brussels and 
taken to Paris 
1814 Ferraris dies in Vienna 
1816-1817 Copperplates of the Carte marchande are returned to Ferraris’s daughter and 
Emperor Francis I gifts her the imperial copy of the Carte de cabinet. She sells 
both to King William I of the Netherlands.  
1859 The Netherlands provide Belgium with a copy on tracing paper of the imperial 
copy of the Carte de cabinet 
1922 Austria returns the governor’s copy of the Carte de cabinet to Belgium as part of 
WWI reparations 
1949 The Netherlands return the copperplates of the Carte marchande to Belgium 
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1. Algemeen Rijksarchief / Archives Générales du Royaume (AGR) 
(1) Departement voor de Nederlanden van de Hof- en Staatskanselarij / 
Chancellerie Autrichienne des Pays Bas (CAPB): 476; 483 
(2) Secretarie van State en Oorlog / Secrétairerie d’Etat et de Guerre (SEG): 
2273, 2273 BIS, 2724 
(3) Geheime Raad Oostenrijke periode / Conseil Privé Autrichien (CPA): 1067 
 
2. Koninklijke Bibliotheek van België / Bibliothèque Royale de Belgique (KBR) 
(1) Kaarten en Plans / Cartes et Plans: 
- Ms. 716 
- Carte de cabinet: hs.IV 5.627/ (map sheet n°) 
- Carte marchande : XIII B Belgique gén. – 1777 – Ferraris – IV 10.258/ 
(map sheet n°) 
 
MONS 
1. Archives de l’État 






1. Österreichisches Staatsarchiv (OESTA), Haus,-Hof- und Staatsarchiv (HHStA) 
(1) Länderabteilungen (LA), XVIII Belgien, DD-A: 
- Weisungen: Fasz.23, W.28 
- Korrespondenz Frankreich: Fasz.9, 44-46; Fasz.28, 149; Fasz.29, 156 
 
2. Österreichisches Staatsarchiv (OESTA), Kriegsarchiv (KA) 
(1) Zentralstellen (ZSt), Hofkriegsrat (HKR): 
- 1771/K846(57)/29 
- 1772/K924(57)/12 
- 1773/K976(57)/2; 1773/K976(57)/8; 1773/K976(57)/18; 
1773/K976(57)/25; 1773/K976(57)/34 
- 1774/K1028(57)/11; 1774/K1028(57)/15; 1774/K1028(57)/28; 
1774/K1028(57)/46; 1774/K1028(57)/57; 1774/K1028(57)/64; 
1774/K1028(57)/77; 1774/K1028(57)/87; 1774/K1028(57)/100; 
1774/K1028(57)/110; 1774/K1028(57)/112; 1774/K1028(57)/118 
- 1776/K1159(57)/2; 1776/K1159(57)/17; 1776/K1159(57)/34; 
1776/K1159(57)/48; 1776/K1159(57)/62; 1776/K1159(57)/64; 
1776/K1160(57)/75; 1776/K1160(57)/83; 1776/K1160(57)/87; 
1776/K1160(57)/95; 1776/K1160(57)/103; 1776/K1160(57)/107; 
1776/K1160(57)/113 
(2) Karten- und Plansammlung (KPS): 
- Carte de cabinet: BVIII/a125/ (map sheet n°) 
 
PARIS 
1. Bibliothèque nationale de France (BnF) 
(1) Arsenal: MS-15216 
(2) Cartes et Plans : GE BB-565 (A7,10) ; GE DD-2987 (782B); GE DD-2987 
(4423, 1-12B) 
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2. Archives nationales (AN) 
(11) Cartes et Plans : N III Pays-Bas 4 ; N III Lys 29 
 
3. Archives du Ministère des Affaires étrangères (MAE) 
(1) Pays-Bas autrichiens : 168 
 
4. Vincennes, Service historique de la Défense (SHD) 
(1) Cartes et Plans : 4.6.B.36 
 
5. St-Mandé, Institut Géographique National (IGN-F) 
(1) Cartothèque : chemise 294 
 
THE HAGUE 
1. Nationaal Archief (NA) 
(1) Topografische Dienst/ Kaarten: 
- Carte de cabinet: 4.TOPO, inv.nr. 2.1. (map sheet n°) 
 
   | 245 
APPENDIX 3  
Geographical and projected coordinates of  
Cassini de Thury & Ferraris 






The following abbreviations are used in the table with the geographical 
coordinates: 
- LONG: longitude 
- LAT: latitude 
- (1748): Cassini de Thury’s unpublished Report for minister d’Argenson of 
1748 (Paris, BnF, Arsenal, MS-15216) 
- (1775): Cassini de Thury’s book Relation d'un voyage en Allemagne of 1775  
- (Nouv): Cassini de Thury’s Nouvelle Carte (Paris, BnF Cartes et Plans, GE DD-
2987 (782B)) 
- (Cgén): Ferraris’s Carte générale (Brussels, KBR, Kaarten en Plans, XIII B Belgique 
gén. – 1777 – Ferraris – IV 10.258/22) 
- (Pigott): measurements by Nathaniel Pigott between 1772 and 1775 
(published in Pigott 1776, 1777 and 1778) 
The order in which the 46 studied towns are listed is the same as the one 















The following abbreviations are used in the table with the projected 
coordinates: 
- X: x-coordinate 
- Y: y-coordinate 
- “- CdT”: data set of 33 towns for which the exact location of Cassini de 
Thury’s triangulation station could be pin-pointed on the modern 
topographic map, the Carte marchande and the Carte de cabinet 
- “- townC”: data set of 57 towns, consisting of the same projected 
coordinates as listed in the “-CdT” data set for 33 towns, combined with 
projected coordinates for 24 other towns that were determined by 
indicating a point on a church or other high building in the centre of each 
of these towns on the modern topographic map, the Carte marchande and 
the Carte de cabinet 
- (mod topo): topographic map of the National Geographic Institute of 
Belgium (NGI), scale 1:10,000 
- (1748): Cassini de Thury’s unpublished Report for minister d’Argenson of 
1748 (Paris, BnF, Arsenal, MS-15216) 
- (1775): Cassini de Thury’s book Relation d'un voyage en Allemagne of 1775 
- (CFr): Cassini de Thury’s Carte de France (David Rumsey Map Collection, 
www.davidrumsey.com - List No. 5694.000) 
- (Nouv): Cassini de Thury’s Nouvelle Carte (Paris, BnF Cartes et Plans, GE DD-
2987 (782B)) 
- (Tab): Ferraris’s Tableau (Paris, AN, C & Pl, N III Pays-Bas/4/1) 
- (Cgén): Ferraris’s Carte générale (Brussels, KBR, Kaarten en Plans, XIII B Belgique 
gén. – 1777 – Ferraris – IV 10.258/22) 
- (Cm): Ferraris’s Carte marchande (Brussels, KBR, Kaarten en Plans, XIII B Belgique 
gén. – 1777 – Ferraris – IV 10.258) 
Geographical and projected coordinates of Cassini de Thury and Ferraris  
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-  (CdC – adhoc): Ferraris’s Carte de cabinet (Brussels, KBR, Kaarten en Plans, hs.IV 
5.627) – projected coordinates in an ad hoc coordinate reference system 
- (CdC – Helmert to Cm): Ferraris’s Carte de cabinet (Brussels, KBR, Kaarten en 
Plans, hs.IV 5.627 – projected coordinates transformed to the Cassini 
coordinate reference system by means of a Helmert transformation to the 
Carte marchande 
The order in which the 57 studied towns are listed is the following:  
For the first 44 towns the geographical coordinates were also studied, so they 
are in the same order as in that table (copied from Casini’s Relation), with the 
exception of Gembloux and Hannut. Both these towns were omitted from the 
table with the projected coordinates because they do not appear on Cassini’s 
Nouvelle Carte, nor on Ferraris’s Tableau. For the next 13 towns Cassini listed 
only projected coordinates in his written accounts, not geographical 
coordinates. These 13 towns were specifically selected because they are 
included in Cassini’s first- or second-order triangulation network. 
The 33 towns whose names are printed in bold are part of the more precise     
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APPENDIX 4  
Chronology of the Carte de cabinet map sheets  





The table presented here consists of the following elements: 
Column 1 lists the Carte de cabinet map sheets, and column 2 gives the date of 
their receipt in the archives of the Aulic War Council (Hofkriegsrat) in Vienna. If 
these dates are printed in normal font, this means they are exact, based on 
information found in Vienna in the documents from the Österreichisches 
Staatsarchiv (OESTA), Kriegsarchiv (KA), Zentralstellen (Zst), Hofkriegsrat (HKR). 
Column 3 gives the remainder of the document-ID, consisting of a year/ a box 
number or “Karton” (between brackets a category number or “Rubrik”, which 
always relates to the category Mapping or “Mappierung” of the year in 
question) / and a document number. 
In case an italic font is used, the mentioned date is an approximation. This 
means the map sheet in question does not feature in any of the documents 
preserved in the HKR boxes under the category Mapping. Therefore, a dating 
was acquired through an alternative approach. The documents in the HKR 
boxes must relate to the receipt of the Carte de cabinet copy intended for the 
Emperor, since the second copy was offered to governor Charles de Lorraine in 
the Austrian Netherlands, and the creation of a third copy, meant for state 
chancellor von Kaunitz, was only agreed upon in 1774. The copy of the Emperor 
is currently kept in the Nationaal Archief in The Hague. Fortunately, upon 
examination of this copy, it was found that the Viennese document-ID had been 
written on the back of nearly every map sheet in the format year/ category 
number or “Rubrik”/ document number. This can be found in column 4. For the 
Carte de cabinet map sheets related to document numbers no longer present 
in the HKR boxes, an approximate date could thus be established by looking at 
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the dates of the closest documents that had been preserved. These dates are 
given in column 5. For example, map sheet 18 of the Carte de cabinet kept in 
The Hague bears the document-ID 1775/57/9. Document number 9 from the 
Mapping category (57) of the year 1775 is not present in the Viennese archives, 
but document 6 (25 January) and document 11 (11 February) are. Therefore, the 
date of receipt of map sheet 18 is estimated at 1 February 1775. 
Eventually, this leaves 10 map sheets for which no date could be retrieved 
because no document-ID was written on the The Hague copy of the map. The 
concerned map sheets are: 17.Roeselare, 59.Aalst, 60.Ninove, 61.Halle, 
77.Ukkel, 93.Kortenberg, 94.Neerijse, 110.Aarschot, 111.Leuven, and 
131.Waanrode197. With the exception of 17.Roeselare, all these sheets are 
located in the region around Mechelen where surveys started. We know sheet 
91.Mechelen was the first to be sent to Vienna in February 1771, followed by 
92.Zemst in March 1771. After that, there is a one-year gap, the next recorded 
date of receipt being February 1772 for sheets 76.Brussel and 112.Hoegaarden. 
However, according to Lemoine-Isabeau (1983, p.253) a third and fourth map 
sheet reached Vienna in April 1771, followed by a fifth, sixth, seventh, eighth, 
and ninth sheet in July 1771.198 It is therefore entirely plausible that at least 7 of 
the 9 map sheets in the vicinity of Mechelen for which no date is available were 
received in Vienna in April and July of 1771. 
Finally, all information relating to the surveying activities of the artillerymen that 
was found in local archives and has already been published at some point is 
given in column 6. The publications concerned are Arnould (1972, pp.220-221, 
226-228), De Smet (1974, pp.350-351), Despy (1959, pp.285-286), Gachard 
(1843, pp.16-17, 19-20), and Hennequin (1891, p.198). Most of them repeat the 
same information, so the table only needs to refer to two of these sources to 
encompass all relevant data, namely Arnould (1972), who gives the most 
complete overview, and Despy (1959), who gives a very detailed account of 
part of the surveys in the County of Namur. The table uses the abbreviations 
ARN and DES respectively.   
                                                                
197  A relative date is available for map sheet 131.Waanrode, because this sheet is 
mentioned in document 1773/K976(57)/8 of 29 January 1773 as already present in the Aulic 
War Council archives. We can thus interpret this date as a terminus ante quem. 
198 It is unfortunate that Lemoine-Isabeau does not give a source for this information. 
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SUMMARY 
 
In the 18th century, what is now Belgium formed part of the Habsburg Empire 
as the Austrian Netherlands. Between 1770 and 1774 this territory was 
subjected to a large-scale military survey, carried out by the artillery corps of the 
Austrian Netherlands under the command of its director-general, count de 
Ferraris. By the end of 1777, this exercise had resulted in two maps: the 
manuscript Carte de cabinet (1:11,520) and the printed Carte marchande 
(1:86,400).  
The importance of the Ferraris maps as cartographic heritage is undeniable. 
Improved digital access to the maps in recent years in combination with 
enhanced computation, visualisation and spatial querying capabilities are now 
offering new ways to study the historical information contained in the maps, be 
that their geographical content or the techniques used to gather and display it. 
A thorough reappraisal of the maps themselves and the way they were made 
therefore seemed justified. Consequently, the aim of this dissertation became 
to dismantle the maps to reveal their individual components, be that input from 
field surveys, existing geodetic data or other maps, and to gain insight into 
which external factors influenced how all this potential input was combined to 
form the end products, that is, the maps. This was done by studying archival 
sources and by performing analyses on the maps themselves to, among other 
things, determine their geometric accuracy. 
The main research objective of this dissertation is defined as:  
To gain better insight into the geometric accuracy of Ferraris’s maps and into 
the elements of the map production process that were influential in this 
respect. 
From this general research objective, five more specific research questions (RQ) 
were derived. 
- RQ 1: What is the current state-of-the-art in research on the geometric 
accuracy of Ferraris’s maps? 
- RQ 2: Was there a national geodetic framework of precisely located points 
supporting the maps and how did this affect their geometric accuracy? 
- RQ 3: How accurate is the Carte de cabinet on a local level and what do its 
distortions tell us about the way the map was made?  
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- RQ 4: Can the Carte de cabinet be considered an original work, and if not, 
to what extent can it be viewed as the result of a compilation of existing 
material, both in terms of its geodetic framework and in terms of its 
topographical content? 
- RQ 5: How do Ferraris’s maps fit in with the state-of-the-art of the mapping 
methodology in the 18th century?  
Chapters 3 and 4 in particular contributed to answering these questions. 
 
Chapter 3 is concerned with Cassini de Thury’s geodetic contribution to the 
Ferraris Maps. In terms of the state-of-the-art (RQ 1), it demonstrated how 
previous research had been confined to a review of archival documents. 
However, even this literature study had not been exhaustive, focusing primarily 
on a short statement by Cassini de Thury in his book Relation d’un voyage en 
Allemagne of 1775 and equally brief mentions of Cassini’s name and maps by 
count de Ferraris on his Carte marchande, giving rise to the assumption that 
Ferraris had used Cassini’s geodetic data. Remedying these methodological 
shortcomings involved both a more comprehensive study and reinterpretation 
of the written sources, as well as the first-ever comparative analysis of Cassini’s 
and Ferraris’s geographical and projected coordinates. As a result, the findings 
of previous studies were for the most part found to be no longer valid.  
To answer RQ 2 of whether there was a national geodetic framework supporting 
the Ferraris Maps, the connection between Cassini and Ferraris was 
investigated. This showed that there does not seem to have been any direct 
communication between both men. Obtaining access to Cassini’s geodetic data 
was a slow and bureaucratic process, regulated by the French government. The 
long wait forced Ferraris to resort to geodetic data of inferior quality that he 
derived from Cassini’s small-scale Nouvelle Carte. The framework of towns 
obtained from this map appears to have been used primarily in the planning 
stage of the surveying operations as displayed by Ferraris’s Tableau. For the 
Carte de cabinet a perfect match with Cassini de Thury’s calculated town 
positions was never achieved. For the Carte marchande this happened only 
along the French border, where town positions were made to coincide with 
those on the geometrically more accurate Carte de France. This manoeuvre 
paradoxically resulted in the Carte marchande suffering from larger distortions 
than the Carte de cabinet does. The Carte de cabinet was in turn found to be 
less accurate than the remarkably accurate geodetic data by Cassini de Thury. 
In terms of the originality of the Carte de cabinet, as investigated by RQ 4, this 
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chapter thus demonstrates that only some indirect use was made of French 
measurement data. 
 
Chapter 4 deals with a study of the local geometric accuracy of the Carte de 
cabinet. As regards RQ1 the chapter illustrates how existing studies on the 
subject mostly focus on only a limited number of map sheets and suffer from 
restricted computation and visualisation capabilities. To remedy these issues, a 
new technique called Differential Distortion Analysis was used to calculate and 
display the Carte de cabinet’s surface and angular distortions with a high level 
of detail for almost the entire map. When the findings of previous studies were 
set against the visualisations resulting from this new approach, the general 
trends they identified in the distortions were for the most part proven to have 
been correct. It is more in the subsequent interpretation of how these 
distortions came about that older research lacks scrutiny.  
When studying the larger patterns in the size, shape and type of distortions to 
answer RQ 3, they reveal that the most influential factor in this respect was the 
plane table surveying technique. The size and orientation of the plane table 
sheets are clearly recognizable throughout the map’s distortions. The same 
cannot be said however for the size and orientation of the regular Carte de 
cabinet map sheets. Since these were only created after the surveys, as their 
finished product, their dimensions bear no direct relation to any methodological 
reality. Besides the surveying technique, other crucial factors impacting the 
map’s accuracy were the order of the surveys (since regions enclosed within 
already mapped regions required more manipulation) and the interaction with 
local authorities (since this could limit the artillerymen’s movements). In spite of 
the Carte de cabinet’s geometric shortcomings, the fact that the map was 
created by linking over 2,700 plane table sheets together, without a national 
geodetic framework of precisely located points to fall back on, makes the end 
result indisputably impressive. 
When assessing the originality of the Carte de cabinet’s topographic content for 
RQ 4, it is important to keep in mind that Ferraris had a large work force at his 
disposal and that by contemporary standards, the surveying pace was not that 
exceptional. This means it was entirely possible to complete the mapping 
without having to resort to the copying of existing cartographic material. Except 
for maps created by the artillerymen themselves, like the map of the Sonian 
Forest and the preparatory mapping of the Lys River, as well as the probable 
copying of town plans created by the military engineers of the Austrian 
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Netherlands, no other military or civilian map has yet been discovered that was 
indiscriminately incorporated into the Carte de cabinet. Even if information from 
local archives is still far too scant to provide absolute proof of the artillerymen’s 
presence in every locality, equally compelling evidence that they travelled the 
entire country comes from the observed distortions, which are intimately linked 
to the plane table sheet dimensions. 
Finally, answering RQ5 contextualizes the results of this dissertation by looking 
at how the Ferraris Maps fit in with the state-of-the-art of the mapping 
methodology in the 18th century. It shows that the maps perfectly exemplify 
European-wide trends in topographic mapping in the Enlightenment. First, they 
were the result of a large-scale territorial survey, commissioned by a 
government (in this case the Habsburg rulers) in an effort to obtain visual 
information about their dominions as a tool of power and administration. 
Second, they were produced by military surveyors that had been institutionally 
trained for this task. Third, their topographic style was an international one, 
because the features represented on the maps and the way in which they are 
represented are common traits that can be found in maps all over Europe. 
Finally, Ferraris’s maps are consistent with the wider world of Enlightenment 
mapping in their emphasis on accuracy. This perhaps manifests itself most 
clearly in the Carte marchande, which claims to emulate the Carte de France, in 
an attempt by count de Ferraris to stimulate the sales of the map. The Carte de 
cabinet on the other hand does this by paying great attention to topographic 
detail resulting in a very accurate military map according to contemporary 
standards.  
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SAMENVATTING 
 
In de 18e eeuw maakten de Oostenrijkse Nederlanden, die ongeveer het huidig 
Belgisch grondgebied omvatten, deel uit van het Habsburgse keizerrijk. Tussen 
1770 en 1774 werden in dit gebied grootschalige topografische verkenningen 
uitgevoerd door het plaatselijke artilleriekorps onder leiding van zijn directeur-
generaal, graaf de Ferraris. Tegen het einde van 1777 resulteerde dit 
karteerwerk enerzijds in een zeer gedetailleerde handschriftkaart (de 
Kabinetskaart op schaal 1:11.520) en anderzijds in een gedrukte kaart op de 
kleinere schaal van 1:86.400, de zogenaamde Carte marchande. 
Het belang van de Ferrariskaarten als cartografisch erfgoed valt niet te 
ontkennen. De laatste jaren zorgt de verbeterde digitale toegankelijkheid van 
het kaartmateriaal er in combinatie met toegenomen mogelijkheden op gebied 
van computerberekeningen, visualisatie en ruimtelijke bevraging voor dat 
nieuwe opportuniteiten voor het bestuderen van de kaarten zich aandienen, 
zowel naar hun geografische inhoud als naar de manier waarop die vergaard en 
weergegeven werd. Een diepgravende studie van de kaarten zelf en de manier 
waarop ze geproduceerd werden leek bijgevolg gerechtvaardigd. Het doel van 
dit proefschift werd dan ook om de Ferrariskaarten te ontleden en zo enerzijds 
hun bouwstenen bloot te leggen (betreft het input uit nieuwe opmetingen, 
bestaande geodetische data of andere kaarten?) en anderzijds inzicht te krijgen 
in welke externe factoren een bepalende rol hebben gespeeld in hoe al deze 
potentiële brondata uiteindelijk gecombineerd werden om zo de kaarten te 
vormen. Hiertoe werden zowel archiefdocumenten bestudeerd als kaartanalyses 
uitgevoerd, die o.a. tot doel hadden de geometrische nauwkeurigheid van de 
kaarten te bepalen. 
Dit alles leidde tot de volgende onderzoeksdoelstelling:  
Beter inzicht verkrijgen in de geometrische nauwkeurigheid van de 
Ferrariskaarten en in de elementen van het cartografisch productieproces die 
hierin een bepalende rol hebben gespeeld. 
Van deze algemene doelstelling werden 5 meer specifieke onderzoeksvragen 
afgeleid. 
- OV 1: Wat is de stand van zaken in het onderzoek naar de geometrische 
nauwkeurigheid van de Ferrariskaarten? 
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- OV 2: Was er een nationaal geodetisch netwerk van precies gelokaliseerde 
punten dat de kaarten ondersteunde en in welke mate heeft dit hun 
geometrische nauwkeurigheid beïnvloed? 
- OV 3: Hoe nauwkeurig is de Kabinetskaart op lokaal niveau en wat kunnen 
diens geometrische vervormingen ons vertellen over de manier waarop de 
kaart vervaardigd werd?  
- OV 4: Kan de Kabinetskaart beschouwd worden als een origineel werk, en 
zo niet, in welke mate moet de kaart dan gezien worden als het resultaat 
van de compilatie van bestaand materiaal, zowel wat betreft het geodetisch 
netwerk als de topografische inhoud? 
- OV 5: Hoe passen de Ferrariskaarten binnen de algemene trends in de 
karteermethodologie van de 18e eeuw? 
Het zijn voornamelijk hoofdstuk 3 en 4 van dit proefschrift die tot het 
beantwoorden van deze vragen hebben bijgedragen. 
 
Hoofdstuk 3 is gewijd aan Cassini de Thury’s geodetische bijdrage aan de 
Ferrariskaarten. Wat betreft de stand van het onderzoek (OV 1) werd 
aangetoond dat voorgaande studies zich in hoofdzaak beperkten tot een review 
van archiefbronnen, al gebeurde dit zeker niet exhaustief. Quasi enkel en alleen 
op basis van een korte verklaring door Cassini de Thury in zijn boek Relation 
d’un voyage en Allemagne van 1775 en evenzeer korte vermeldingen van 
Cassini’s naam en kaarten op Ferraris’ Carte marchande werd algemeen 
aangenomen dat Ferraris Cassini’s geodetische data in zijn kaarten 
geïncorporeerd zou hebben. Om deze stelling beter te kunnen staven werden 
enerzijds meer archiefdocumenten in de studie betrokken en werd anderzijds 
voor de eerste maal een vergelijkende analyse gemaakt van de geografische en 
geprojecteerde coördinaten in de geschriften en op de kaarten van Cassini en 
Ferraris. Hierdoor kon het merendeel van de bevindingen uit voorgaande 
studies weerlegd worden.   
Voor het beantwoorden van OV 2 over het al dan niet bestaan van een 
nationaal geodetisch framework ter ondersteuning van de Ferrariskaarten werd 
de relatie tussen Cassini en Ferraris onderzocht. Zo werd aangetoond dat er van 
rechtstreekse communicatie tussen hen beiden geen sprake was. Ferraris’ 
verzoek om Cassini’s geodetische gegevens werd behandeld door de Franse 
regering en dit lijkt een proces van lange adem te zijn geweest, in die mate 
zelfs dat Ferraris uiteindelijk zijn toevlucht zocht in geodetische data van 
inferieure kwaliteit die hij kon aflezen van Cassini’s Nouvelle Carte, een zeer 
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kleinschalige en bijgevolg minder precieze kaart. Het puntennetwerk van 
steden afkomstig van deze kaart lijkt door Ferraris voornamelijk in de 
planningsfase van zijn karteerproject gebruikt te zijn, zoals kan worden afgeleid 
uit Ferraris’ Tableau. Voor de steden op de Kabinetskaart werd nooit een 
perfecte overeenkomst bekomen met de door Cassini berekende posities. Voor 
de Carte marchande gebeurde dit enkel voor steden langs de Franse grens, 
waarvan de posities op deze kaart perfect in overeenstemming werden 
gebracht met die op Cassini’s Carte de France. Hoewel deze kaart net zoals 
Cassini’s oorspronkelijke geodetische data geometrisch heel nauwkeurig was, 
zorgde deze kunstgreep er paradoxaal genoeg wel voor dat de Carte 
marchande aan zwaardere vervormingen onderhevig is dan de Kabinetskaart. 
Antwoordend op OV 4 bewijst dit hoofdstuk dus dat de geodetische grondslag 
van de Kabinetskaart slechts in zeer beperkte mate stoelt op Franse gegevens. 
 
Hoofdstuk 4 behelst een studie van de lokale geometrische nauwkeurigheid van 
de Kabinetskaart. Wat OV 1 betreft toont dit hoofdstuk aan dat bestaand 
onderzoek naar dit onderwerp tekortschiet doordat meestal slechts één of 
enkele kaartbladen worden bestudeerd en de gebruikte methodes niet 
voldoende mogelijkheden bieden naar berekeningscapaciteit en sprekende 
visualisaties van de resultaten. Om beter te doen op deze vlakken werd ervoor 
gekozen om gebruik te maken van een nieuwe techniek, de zogenaamde 
Differential Distortion Analysis. Deze maakte het mogelijk om de oppervlakte- 
en hoekvervormingen van de Kabinetskaart te berekenen en weer te geven met 
een hoge mate van detail, en dit voor quasi de volledige kaart. Wanneer de 
bevindingen van voorgaande studies werden afgetoetst aan de visualisaties van 
de resultaten van de nieuwe analyse bleken de belangrijkste trends die werden 
waargenomen in de vervormingen grotendeels overeen te stemmen tussen 
beiden. Het is eerder in de daaropvolgende interpretaties van deze 
vervormingen dat oudere studies diepgang missen. 
In het kader van OV 3 kon uit de algemene trends in de grootte, de vorm en 
het type van de distorsies worden afgeleid dat de karteermethodologie wat dit 
betreft de meest invloedrijke factor was. Opnames gebeurden met het planchet 
en de grootte en oriëntatie van de hierbij gebruikte tekenbladen is duidelijk 
herkenbaar doorheen de vervormingen van de ganse Kabinetskaart. Hetzelfde 
kan niet gezegd worden van de grootte en oriëntatie van de 275 kaartbladen, 
aangezien deze slechts achteraf werden samengesteld uit de planchetten en 
bijgevolg geen link hebben met de gebruikte opnametechnieken. Andere 
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factoren met een belangrijke impact op de geometrische nauwkeurigheid 
waren enerzijds de volgorde van de opnames (aangezien nog te karteren 
gebieden die in aanraking kwamen met, of ingesloten werden door reeds 
gekarteerde regio’s veelal meer manipulatie vereisten om de opnames netjes 
aan elkaar te doen aansluiten) en anderzijds de interactie van de artilleristen 
met lokale besturen (aangezien deze hun bewegingsvrijheid konden beperken). 
Ondanks de geometrische tekortkomingen van de Kabinetskaart kan het feit 
dat ze tot stand kwam door het samenvoegen van meer dan 2700 planchetten, 
zonder de ondersteuning van een geodetisch netwerk, enkel bewondering voor 
het eindresultaat oproepen. 
Om de originaliteit van de topografische inhoud van de Kabinetskaart correct te 
kunnen beoordelen (OV 4) is het eerst en vooral belangrijk om te benadrukken 
dat een zeer grote manmacht meewerkte aan de kaart en dat de snelheid 
waarmee de terreinopnames gebeurden naar 18e-eeuwse normen zeker niet 
uitzonderlijk hoog lag.  Dit betekent bijgevolg dat het perfect mogelijk moet 
zijn geweest de kaart te vervaardigen zonder toevlucht te moeten zoeken in het 
kopiëren van bestaand cartografisch materiaal. Met uitzondering van kaarten 
die door de artilleristen zelf vervaardigd werden (zoals de kaart van het 
Zoniënwoud en de voorbereidende kartering van de Leie) en 
hoogstwaarschijnlijk ook stadsplannen van het geniekorps van de Oostenrijkse 
Nederlanden, werd tot nu toe verder nog geen enkele civiele of militaire kaart 
ontdekt die integraal gekopieerd werd op de Kabinetskaart. Ook al is er 
voorlopig nog ruimschoots onvoldoende informatie uit lokale archieven 
voorhanden om op basis hiervan met zekerheid te kunnen beweren dat de 
artilleristen van Ferraris het volledige land doorkruist hebben lijkt de nauwe 
band tussen de waargenomen vervormingen en de afmetingen van de 
planchetten deze stelling alleszins te bevestigen. 
 
Tot slot plaatst het beantwoorden van OV 5 de resultaten van dit proefschrift in 
een ruimere context door na te gaan hoe de Ferrariskaarten zich verhouden tot 
de grote methodologische trends die waarneembaar zijn in de cartografie van 
de 18e eeuw. Daaruit blijken de Ferrariskaarten hier een perfecte exponent van 
te zijn. Allereerst zijn ze het resultaat van grootschalige topografische 
verkenningen in opdracht van de overheid (in dit geval de Habsburgse 
bevelhebbers) die op die manier visuele informatie wenste te verkrijgen die kon 
aangewend worden voor het beter besturen van haar grondgebieden. Ten 
tweede werden de kaarten geproduceerd door militairen die hiervoor getraind 
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werden in een gespecialiseerde instelling.  Ten derde past de semiotiek van de 
kaarten binnen een internationale stijl, met een grote mate van uniformiteit 
doorheen Europa in wat werd voorgesteld op kaarten en hoe het werd 
voorgesteld. Ten slotte beantwoorden de Ferrariskaarten ook door hun nadruk 
op nauwkeurigheid aan de tijdsgeest van de Verlichting. Dit komt waarschijnlijk 
het duidelijkst tot uiting in de Carte marchande, die beweert de 
nauwkeurigheid van de Carte de France te evenaren, in een nadrukkelijke 
poging van Ferraris om de verkoop van zijn kaart te stimuleren door zich het 
prestige van Cassini’s wetenschappelijke werk aan te meten. De Kabinetskaart 
besteedt dan weer zeer veel aandacht aan topografisch detail, wat resulteert in 
een naar de normen van de tijd zeer nauwkeurige militaire kaart. 
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